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An Evaluation of the Extent and Magnitude of
Biological Effects Associated with Chemical Contaminants
in San Francisco Bay, California

Edward R. Long
Raymond Markel

ABSTRACT

Chemical contaminants occur throughout all parts of the San Francisco Bay estuary.
The potential for these chemicals to cause harm to the biota of the estuary is dependent
upon a complex variety of biological and chemical factors. Information on the presence of
these chemicals in the water, sediment, or organisms of the estuary alone cannot be used to
assume that the chemicals are causing harm to the biota. Empirical measures of adverse
effects must be made to provide perspective as to the biological significance, if any, of the
chemicals.

Measures of adverse biological effects associated with chemical contaminants in the San
Francisco Bay estuary have been quantified and reported by a number of investigators.
However, none of these studies was performed with the intent of evaluating the spatial
extent and magnitude of adverse effects throughout the entire estuary. In this report three
independent approaches were taken to estimate the extent and magnitude (severity) of
biological effects associated with toxicants throughout the San Francisco Bay estuary. The
first involved an evaluation of the combined data from 60 reports on sediment toxicity to
determine which areas had been most and least toxic. The second involved an analysis of
newly collected sediment toxicity data from a synoptic survey performed for the National
Oceanic and Atmospheric Administration (NOAA) throughout much of the estuary; and, an
identification of sites in which sediments were toxic. The third involved a brief review of
reports in which a variety of other measures of effects associated with toxicants were
reported for San Francisco Bay. The sediment toxicity data provided the maximum spatial
resolution in estimates of the geographical extent of effects and the biological measures in
resident fish provided the greatest ecological significance in estimates of severity of effects.

The incidences of many different kinds of biological effects observed in the estuary
were significantly higher than in other areas along the Pacific Coast. Sediments collected
throughout the estuary were found to be toxic to a variety of invertebrates in laboratory
tests. Water samples also were toxic to invertebrate larvae. Several bottom-dwelling fish
have been observed with elevated incidences of lesions and other histopathological
disorders in their internal organs. The enzymatic defense mechanisms in some of these
species were induced at elevated levels and the reproductive success was lowered in
association with high concentrations of toxicants in the tissues. In addition, the incidences
of abnormal nuclei in the blood cells of one species (starry flounder) were significantly
elevated. Measures of physiological stress in resident mussels were very high. Seasonal
mortalities in striped bass and a gradual decline in the population size has been recorded in
the Sacramento-San Joaquin system.

The uneven levels of effort in quantification of different measures of effects in the bay,
a lack of data from some areas, and variability in results from different tests and measures
of effects in some areas precludes the delineation of those areas in the estuary that are
exclusively the most toxic areas. However, in some areas that have been studied in
multiple surveys with different types of measures of effects, most of the measures of
effects were elevated above conditions in other areas in the bay or with respect to reference
conditions outside the estuary. These areas include: the Sacramento-San Joaquin

ii



Delta/Suisun Bay/Carquinez Strait area; Castro Cove near Richmond; the Oakland Inner-
Middle-Outer Harbors/San Leandro Bay area; parts of South Bay between the Oakland Bay
Bridge and the San Mateo Bridge, particularly in the vicinity of the Port of San Francisco,
Hunters Point, and Islais Creek; and Guadalupe Slough, adjacent to the southern portion of
South Bay below the Dumbarton Bridge. In some areas, only a few of the measures of
effects were elevated relative to other areas, suggesting moderately toxic conditions:
Richmond Harbor, Central Bay off the Berkeley/Emeryville shore, and parts of South Bay
between the San Mateo Bridge and the Dumbarton Bridge. Most (but, not all) of the data
suggest that biological effects were least frequent or least severe in southwestern San Pablo
Bay. There were very little or no data available with which to evaluate Richardson Bay,
most of San Pablo Bay, the Golden Gate area, and much of Central Bay.
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CHAPTER 1
INTRODUCTION

OBJECTIVES AND RATIONALE

The objective of this report was to assess the spatial extent and magnitude (severity) of
measures of adverse biological effects associated with chemical contaminants in San
Francisco Bay. Chemical contaminants potentially toxic to marine and estuarine organisms
have been detected and quantified in the sediments and biota of San Francisco Bay (Davis
et al., 1990; Long et al., 1988; Phillips, 1987). These chemicals have the potential to be
harmful to valued marine resources of San Francisco Bay if they occur in sufficiently high
concentrations and are bioavailable (Phillips, 1987).

Evidence has accumulated from a number of different studies that adverse biological
effects associated with toxic chemicals occur in San Francisco Bay biota, Studies of
resident starry flounder (Platichthys stellatus) have shown relatively high tissue
concentrations of some organochlorine compounds, relatively high enzymatic activities in
the livers, and reduced reproductive success in some individuals caught near Berkeley and
Oakland (Spies et al., 1988). P. stellatus caught near Berkeley, Vallejo, and Oakland
generally had higher levels of enzymatic activity than those caught at sites outside San
Francisco Bay (Spies et al., 1990; Long and Buchman, 1990).

An investigation of staghorn sculpin (Leptocottus armatus) showed relatively high
levels of hepatic enzymatic activity at some sites near Castro Cove (Spies, 1989a). Liver
and kidney lesions in a number of species of fish caught near Hunters Point, Oakland, and
other locations in the estuary have been observed and reported (Varanasi ef al., 1988;
Carrasco et al., 1990). The incidence of micronuclei in the erythrocytes (blood cells) of
one species of fish (P. stellatus) caught at several sites in the estuary were significantly
higher than the incidence in the same species caught outside the estuary (Long and
Buchman, 1990). Periodic seasonal mortalities and a long-term, gradual decline in the
population of striped bass (Morone saxatilis) in the Sacramento-San Joaquin river system
‘have been documented (Brown et al., 1987); toxic effects of chemicals may be among the
factors affecting this species of fish.

Water samples collected in a number of locations throughout the estuary proved to be
toxic to invertebrates in laboratory toxicity tests (Anderson et al., 1990). Relatively high
toxicity was observed in the initial toxicity tests performed with sediments collected in the
estuary. Sediment samples from some peripheral areas, such as Islais Creek and near
Hunters Point (Chapman er al., 1987; U.S. Navy, 1987) and some areas in South Bay
(Baumgartner, unpublished manuscript) proved to be toxic to invertebrates.

The data from these different studies, collectively, provide substantial evidence that
toxicant-related effects occur among at least some of the resident biota of the estuary.
However, the available data preclude an identification of the spatial patterns in toxicant-
associated effects with a high degree of spatial resolution. The data are from analyses of
either highly mobile fish, transient water masses, or small numbers of samples.
Substantially more data available from numerous sediment toxicity tests, if merged, could
provide needed information on the spatial extent of toxicant-associated effects. The
approach taken in this report was to assemble as much data as possible from different
investigations to piece together an estimate of the extent and severity of effects.

Chemical analyses of water, sediment, and/or biota alone provide no evidence of
harmful biological effects. To provide perspective as regards the biological significance of
the chemicals, measures of effects are needed. These measures of effects can include
death, reduced reproductive success, abnormal morphology, elevated induction of defense
mechanisms, altered behavior, altered abundance, and altered composition of resident



biological communities. The data can be generated in studies performed in field
investigations or laboratory experiments.

POTENTIAL FOR TOXICITY

The sediment chemistry data available from numerous studies performed throughout
much of the estuary indicated that the peripheral harbors and channels (Figure 1) are
generally more highly contaminated than the basins (Long et al., 1988). The average
concentrations of six trace metals and three groups of organic compounds in selected
regions reported by Long et al. (1988) are summarized in Table 1. In their data evaluation,
Long et al. (1988) included harbors, ship channels, marinas, and industrial waterways
around the perimeter of the estuary as "peripheral” areas. Relatively small differences were
apparent in average concentrations among the three basins; but, the selected peripheral areas
ofteri had substantially higher contaminant concentrations than the basins. When the
averages for all basin samples combined and all peripheral samples combined were
compared (Table 2), there appeared to be a general trend of higher average concentrations
in the periphery than in the basins, particularly for Ag, Cu, Pb, sum of seven PAH, tDDT,
and tPCB. However, the differences in concentrations are relatively small for some
toxicants (e.g., Hg and Cd). Unexpectedly, the average concentrations of some chemicals
were slightly higher in the basins than in peripheral areas (e.8., Cr and sum of 18 PAH).
The high variability in concentrations was reflected in the large standard deviations for each
category. Based upon these chemical data, a similar pattern in sediment toxicity would be
expected. That is, average toxicity should be slightly higher in the periphery than in the
basins. However, there may be considerable small-scale patchiness and variability in
toxicity.

Table 1. Mean concentrations of selected toxicants in surficial sediments
from three basins and four peripheral areas of San Francisco Bay
(from Long ef al., 1988). Trace metal data are expressed in ppm
dry weight and organic compound data in ppb dry weight. No
data are noted as ND.

Basins Periphery
San Pablo Central South Oakland Islais Redwood Richmond
Bay Bay Bay Inner Creek  Creek Harbor
Harbor Harbor )

Trace Metals
Hg 0.45 0.35 0.65 0.57 1.30 0.42 0.40
Cd 0.71 0.79 1.44 0.67 - 2.23 247 0.65
Cu 45 33 33 72 78 66 36
Pb K7 34 30 © 97 102 87 39
Cr 280 81 84 ND 140 1 123
Ag 0.45 0.72 0.57 ND 469 ND ND
Organic Compounds '
tPAH* 2600 - 3900 2700 7200 62700 ND ND
tDDT 9 16 3 120 3 ND 260,700
tPCB 27 71 28 361 305 ND ND

* Sum of 18 individual PAH.
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Figure 1. San Francisco Bay Estuary.



Table 2. Overall average concentrations (+ standard deviations) of
selected toxicants and numbers of samples tested in basin
and peripheral areas (from Long ef al.,, 1988). Trace metal
data are expressed in parts per million (ppm) dry weight,
organic compound data in parts per billion (ppb) dry

weight,
Chemical All Basins ~ All Periphery
Trace Metals
Hg 0.45 £ 0.73, n =396 0.52 £ 0.63,n =701
Cd 0.94 £ 1.25, n =256 .10+ 1.13, n =743
Cu 36 +22,n=376 62+ 73, n=503
Pb 32+ 27,n=461 69+ 371, n=2853
Cr 108 £ 129, n =140 80+ 70, n =256
Ag 0.51 £0.51, n = 148 1.63+1.83,n = 188
Qrganic Compounds
Y 18 PAH* 2700+ 2700, n =11 2480+ 39,100, n = 10
2 7 PAH** 1600 % 1400, n =77 12,200 + 18,700, n = 24
tDDT 9+15n=75 190+380,n=78
tPCB 45+ 35,n =37 287+245,n=15

* Sum of 18 individual PAH compounds (from Figure 72, Long ez al., 1988).
4+ Sum of seven individual PAH compounds (from Table 29, Long ez al., 1988).

These data provide information on the spatial patterns in the concentrations of these
chemicals but provide no insight as regards the potential for toxicity. No biological data
were acquired to accompany the chemical measures in most of the studies. No sediment
quality criteria have been developed thus far to use in assessing these data. To provide
informal guidelines for use in the evaluation of data from the NS&T Program, Long and
Morgan (1990) examined data from a number of different technical approaches and
geographic locations and determined the ranges in chemical concentrations often associated
with toxic effects. For each of a number of trace metals and organic compounds, they
determined Effects Range-Low (ERL) and Effects Range-Median (ERM) values. The ERL
values were interpreted as being the concentrations at which toxic effects may be first
observed. The ERM values were interpreted as the concentrations often or always
associated with toxic effects in a number of independent studies.

To estimate which areas in the San Francisco Bay estuary may have the highest
potential for toxic effects, the ambient sediment chemistry data summarized by Long et al.
(1988) were compared with the ERL and ERM values for nine chemicals (Figures 2
through 10). In Figures 2 through 7, the minimum, median, and maximum concentrations
of the selected chemicals are shown for many regions in the estuary, based upon data
merged from a number of individual studies, and compared with the ERL and ERM values.
In Figures 8 through 10, the average concentrations of the chemicals at specific sampling
sites are compared with the ERL and ERM values. The studies in which these chemical
data were generated often did not include biological measurements of effects.

In this evaluation, areas are assumed to have the highest potential for toxic effects
where ambient chemical concentrations exceed the ERM values by large factors and where
many chemicals exceed the ERM values. The potential for toxic effects is assumed to be
moderate where the ERL values are exceeded, but the ERM values are not. The potential
for toxic effects is assumed to be relatively low where the ERL values are not equalled or
exceeded. These conclusions must be tempered by site-specific factors (e.g., acid volatile



sulfide, organic carbon, grain size, mineralogy) that can affect the bioavailability and
toxicity of sediment-associated chemicals.

The minimum concentrations of silver in all areas and the median concentrations in
most areas did not equal or exceed the ERL value (1.0 ppm) for silver (Figure 2).
However, the concentrations of silver in China Basin and Islais Creek (both along the
southern San Francisco shoreline) were very high (medians of 5.3 and 4.0 ppm and
maxima of 16.0 and 9.0 ppm, respectively). Both of these median concentrations exceeded
the ERM value. The maximum concentration in China Basin exceeded the ERM value (2.2
ppm) by a factor of 7. The potential for toxicity in China Basin and Islais Creek could be
relatively high. Also, the maximum concentrations were relatively high in Mare Island
Strait and Oakland Quter Harbor. Within the estuary, the areas with the lowest silver
concentrations included Suisun Bay, San Pablo Bay, and Central Bay.

The concentrations of cadmium in all regions of the estuary were relatively low
compared to the effects range of Long and Morgan (1990) (Figure 3). None of the
minimum or median concentrations equalled or exceeded the ERL value (5 ppm) for
cadmium. Among the regions that had the lowest cadmium concentrations were Castro
Cove, Hunters Point, Point Molate, Central Bay, and San Pablo Bay. The maximum
concentration (17.3 ppm) in South Bay exceeded the ERM by a factor of less than 2; none
of the other maxima exceeded or equalled the cadmium ERM value (9 ppm). Sediments
from Mare Island Strait, Coyote Creek, Islais Creek, and China Basin exceeded the ERL
value, but not the ERM value.

In contrast to cadmium, chromium occurs in many regions of San Francisco Bay in
relatively high concentrations (Figure 4). The median chromium concentration in San
Pablo Bay (190 ppm) exceeded the ERM value (145 ppm) and the maximum concentration
there (769 ppm) exceeded the ERM by a factor of about 5. Some samples from Islais
Creek, Mare Island Strait, South Bay, and Central Bay also had relatively high chromium
concentrations that exceeded the ERM value. Areas in which the median chromium
concentrations did not equal or exceed the ERL value (80 ppm) included: Guadalupe
Slough, Castro Cove, San Leandro Bay, and South Bay.

Maximum copper concentrations in most regions of the estuary exceeded the ERL value
(70 ppm), but none exceeded the ERM value (390 ppm) (Figure 5). The highest copper
concentration (293 ppm) occurred in China Basin. The median concentrations in China
Basin, Oakland Inner Harbor, and San Leandro Bay exceeded the ERL value. Regions in
which the median concentrations were well below the ERL value included South Bay,
Central Bay, Richmond Harbor, and Carquinez Strait/Suisun Bay.

Lead concentrations in China Basin were extremely high (Figure 6); the median (339
ppm) exceeded the ERM (110 ppm) and the maximum concentration (2,580 ppm) was
about 23 times higher than the ERM value. Also, some samples from Oakland Inner
Harbor, Islais Creek, and San Pablo Bay had relatively high concentrations of lead. The
median concentrations in many areas equalled or exceeded the ERL value (35 ppm).
Regions in which the median concentrations were below the ERL value included: Central
Bay, Gallinas Creek, San Pablo Bay, Coyote Creek, South Bay, Carquinez Strait/Suisun
Bay, and Castro Cove.

None of the median concentrations from any of the regions exceeded the ERM value
(1.3 ppm) for mercury. However, some sediment samples from Coyote Creek, Islais
Creek, Guadalupe Slough, and South Bay had relatively high mercury concentrations, the
maxima exceeding the ERL value by factors of about 5 (Figure 7). The median
concentrations in most areas were slightly higher than the ERL value (0.15 ppm).
Relatively low median mercury concentrations occurred in San Pablo Bay, Central Bay,
and Carquinez Strait/Suisun Bay.
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Insufficient data were available for most organic compounds to warrant merging data
and determining minima, maxima, and medians for regions of the bay (Long et al., 1988).
Therefore, the data were listed as average concentrations for individual sampling sites,
usually based upon analyses of three samples. The average total of 18 polycyclic aromatic
hydrocarbons (tPAH) concentration in an India Basin site equalled the ERM (35 ppm), and
the average in an Islais Creek site (132 ppm) exceeded the ERM (Figure 8). Also, tPAH
concentrations were relatively high in sites sampled in China Basin and Oakland Middle
Harbor, but did not exceed the ERM value. Sites in which the tPAH concentration did not
equal or exceed the ERL value (4.0 ppm) included: San Mateo Bridge, Hunters Point,
Alameda Naval Air Station (NAS), Yerba Buena Island, Berkeley, Southhampton Shoal in
Central Bay, Richmond, and San Pablo Bay.

Total poychlorinated biphenyls (tPCB) concentrations were highest in sites sampled in
India Basin, Islais Creek, and Oakland Inner Harbor; equalling or exceeding the ERM
value of 400 ppb (Figure 9). At many of the sites, the PCB concentrations did not equal or
exceed the ERL value of 50 ppb: average concentrations were lowest at sites sampled in
San Pablo Bay, in Central Bay at Southhampton Shoal, and off the Alameda NAS.

Total dichlorodiphenyltrichloroethane (tDDT) concentrations were extremely high in
Lauritzen Canal at the head of Richmond Harbor, the average concentration (260,700 ppb)
exceeded the ERM value (350 ppb) by a factor of about 750 (Figure 10). Elsewhere, the
DDT concentrations were low relative to the ERM value and often did not exceed the ERL
value of 3 ppb.

In summary, exceedances of the chemical concentrations previously associated with
toxicity were most frequent in many of the peripheral harbors. However, some
exceedances also occurred in some sediments from the basins. The concentrations of these
nine chemicals exceeded the respective ERM values most frequently in Islais Creek, China
Basin, South Bay, Mare Island Strait, Oakland Outer Harbor, San Pablo Bay, Richmond
Harbor, and Central Bay. The potential for toxicity would be greatest in sediments from
these areas. Exceedances of ERL values, but not ERM values, were most frequent in Islais
Creek, Mare Island Strait, China Basin, Richmond Harbor, Oakland Inner Harbor, and
Central Bay. The chemical concentrations in all of these areas, except the Oakland Inner
Harbor, also exceeded a number of ERM values. The potential for toxicity probably would
be moderate in the Oakland Inner Harbor. Among these nine chemicals, those that could
have the highest potential to induce toxicity included silver, chromium, lead, and mercury,
since the concentrations of these chemicals often exceeded the concentrations associated
with toxicity. Areas where chemical concentrations often did not exceed the ERL values
included Tomales Bay, Bodega Bay, Berkeley Marina, San Pablo Bay, Central Bay, off
the Alameda NAS, and off Hunters Point.

The data evaluated in Figures 2 through 10 demonstrate the patchiness in chemical
concentrations within all of the regions of the estuary. Within all of these regions, some
samples had very low chemical concentrations that probably posed little potential for
toxicity and other samples taken nearby had extremely high concentrations of the same
chemical or of other chemicals that could have been extremely toxic. Some the sediments
collected in the basins, that in general had lower average concentrations of most chemicals
(Tables 1 and 2), have had high concentrations of some chemicals in at least some of the
samples. The significance of this heterogeneity is that samples from many regions of the
estuary could have potential for toxicity. An exceedance of any single toxicological
threshold could result in a toxic response in a laboratory test.
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The data in Figures 2 through 10 illustrate that the chemical concentrations throughout
the estuary often approximate the levels commonly associated with toxicity. Given these
chemical concentrations, subtle changes in bioavailability caused by shifts in sediment
properties could cause potentially different results in toxicity tests. For example, many
regions of the estuary have median mercury concentrations that approximate the ERL value
for mercury or lie within the ERL-ERM range. These mercury concentrations are
sufficiently high to warrant concern that they may cause toxicity. Subtle differences
between regions in sulfide content or texture could result in differences in toxicity. For
example, regions with high mercury content, but with correspondingly high concentrations
of sulfides and fine-grained particles, may not be toxic if the mercury is not available.

OVERALL APPROACH

The data summarized above suggest that, overall, average chemical concentrations often
are higher in some peripheral harbors than in other areas of the estuary. Also, these
chemical concentrations in some samples equal or exceed the levels previously associated
with toxicity. Some specific areas in which chemical concentrations were particularly high
were identified. However, the data suggest that conditions are very heterogeneous within
all regions of the estuary. Therefore, we hypothesized that toxic effects may be most
frequent and severe in peripheral areas, but, also may be observed in some of the basins of
the estuary less frequently. '

The approach taken in this report was to assess the severity and magnitude of biclogical
effects based upon a preponderance of evidence. Chemical contaminants occurring in
mixtures can cause a wide variety of biological effects ranging from death to subtle,
sublethal changes in physiology or behavior. Therefore, an attempt also was made to
summarize the different types of effects associated with toxicants that have been measured
in the estuary. Data previously collected by other investigators were summarized along
with newly gathered data to piece together an overall picture of biological effects in the
estuary. The biological data that were sought for review were those for which there was a
likely relationship with toxicants and which could be evaluated to estimate the spatial extent
of incidence within the estuary.

The largest single collection of similar data indicative of biological effects associated
with toxicants in San Francisco Bay was that formed from studies of sediment toxicity.
Sediments can provide an integrated record of contaminant accumulation and they are
relatively immobile. Many samples of sediments have been collected throughout the
estuary, often in dense sampling grids, and tested for toxicity. Therefore, these data,
collectively, should provide the finest spatial resolution of the extent of toxic effects.
However, since these data were generated from laboratory tests, they provided little
information on the ecological significance of toxic effects among resident biota. The
review of these toxicity data is described in chapter 2. In addition, the results of a 1990
synoptic survey of sediment toxicity sponsored by NOAA are reported in chapter 3. Data
generated from measures of adverse effects in resident feral fish provide the greatest
ecological significance, but because these animals are mobile and because only a relatively
small number of sites were sampled for each measure, the spatial resolution in these data is
relatively poor. Brief reviews of many measures of bioeffects in resident fish are provided
in chapter 4, along with data from tests of water and mussels. Chapter 5 is a summation of
the evidence from these independent studies described in the preceeding chapters.

The data reviewed and presented in this report are a mixture of subjective and objective
observations. In chapter 2, the incidence of statistically significant results are compared
among regions of the estuary as an estimate of the spatial extent of toxicity. In addition, the
average numerical results in each region are compared as an estimate of the severity of
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toxicity. In chapter .3, sampling sites are identified in which toxicity was significantly
higher than in respective controls. In chapter 4, significant results were identified when
provided by the authors of the reports that were reviewed. The densities of the data and the
sampling designs differed among these studies. Therefore, the summation of these data in
chapter 5 is necessarily a mixture of subjective and objective observations described in the
preceding chapters.
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CHAPTER 2
A SUMMARY OF HISTORICAL SEDIMENT TOXICITY DATA

INTRODUCTION

Data available from a small number of studies of sediment toxicity in San Francisco
Bay have been summarized (Long et al., 1988; Davis ez al., 1990; Phillips, 1987). Since
those summary reports were published, many more studies have been completed. All of
the recent studies individually involved relatively small portions of the bay. No syntheses
of similar data have been performed thus far to identify large-scale patterns in toxicity. The
objective of the evaluation performed in this chapter was to determine baywide spatial
patterns in sediment toxicity, based upon data merged from many different historical
surveys. Also, an attempt was made to determine some of the relationships among toxicity
and physical-chemical parameters. '

Methods and Data Availability

Data were available from 60 different studies listed in Appendix A. These studies of
sediment toxicity in San Francisco Bay were performed by several laboratories, for many
different sponsors, and in many different geographic regions of the estuary. Most of the
data were developed during pre-dredging studies. Therefore, most of the data have been
generated for the peripheral waterways and harbors of the estuary. For example, one of the
toxicity tests was performed with 143 samples collected in peripheral areas and from only
18 samples collected in the basins of the estuary.

A number of different larval invertebrates, adult invertebrates, and fish have been nsed
in sediment toxicity tests performed in the estuary. The majority of the data were from
suspended phase bioassays in which the embryos of either the oyster Crassostrea gigas or
the mussel Mytilus edulis were used. The amount of data available from solid phase
bioassays using the amphipod Rhepoxynius abronius also is relatively large, but smaller
- than that available from the bivalve mollusk tests. Therefore, the evaluation of historical
data was restricted primarily to the data from these two types of tests. Additional data from
a relatively small number of tests performed with the amphipods Eohaustorius estuarius
and Hyalella azteca and the embryos of the sea urchin Strongylocentrotus purpuratus were
available and were considered.

The data from the 60 reports were entered into a spreadsheet, summarized, and
evaluated to determine geographic patterns in toxicity. Data from bioassays in which C.
gigas or M. edulis were used were merged and treated as though they were equivalent.
Data from performance of undiluted samples (i.e., 100% sediment/water suspensions)
were treated separately from those data generated in bioassays of diluted samples (i.e.,
50% suspensions).

Data from different studies performed in the same geographic regions using the same
methods were merged to determine severity and geographic-patterns in toxicity. The major
regions for which data exist are illustrated in Figure 1. The basins of the estuary for which
data exist include San Pablo Bay, Central Bay, and South Bay. The South Bay basin was
further divided into a northern part between the Oakland Bay Bridge and the San Mateo
Bridge, a central part between the San Mateo Bridge and the Dumbarton Bridge, and a
southern part below the Dumbarton Bridge. The peripheral areas of the estuary included
Richmond Harbor, Mare Island Strait, Oakland Harbor, Islais Creek, Guadalupe Slough,
refinery docks, the Port of San Francisco shoreline, and other areas either near point
sources or in waterways, marinas, and harbors.
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In most of the studies, the samples that were significantly different than the respective
controls were indicated by the authors, but in many others they were not so indicated or the
tests were performed without replication. Consequently, it was not possible to determine
spatial patterns in significantly toxic samples versus nontoxic samples with all of the data.
Therefore, the data for each Tegion were examined in two different procedures. First,
average percent mortality (amphipod tests) or abnormal development (bivalve larvae tests)
were calculated and compared. Incidences of exceedances of arbitrary percents of mortality
or abnormal development were determined for each region. Second, the incidences of
results that were significantly different from respective controls in each survey were
determined for each region and compared. The former approach provides information on
the magnitude of the toxic response and the second approach provides information on the
statistical significance of the data.

Most samples were collected with coring devices and the contents of the core
homogenized over the length of the core and with the contents of other cores collected
nearby. Therefore, the precision with which geographic patterns could be determined was
somewhat diminished as a result of this compositing process. Also, this compositing
process precluded determination of the sediment strata(um) in which the toxic agents
occurred.

Bivalve embryo test results from the use of the Puget Sound Protocols (Tetra Tech,
Inc. and E.V.S. Consultants (1986) and from the U.S. Environmental Protection Agency
(EPA)Army Corps of Engineers (ACOE) (1977) protocols were not merged, but, rather,
were treated independently. In both protocols, the sediments were shaken and allowed to
settle for a specified period. In the tests performed with the Puget Sound Protocols, the
settled sediments remained in the bottom of the exposure chamber during the bioassay;
whereas, in the tests conducted with the EPA/ACOE protocols only, the supernatant was
used in the bioassay and the settled solids were discarded.

In Appendix A, each evaluated report was assigned a reference number that matches the
references listed; and, each report was identified as regards the study name or study area.
The sampling dates were listed, along with the station number or designator used in the
study, the type of bioassay performed, the average result reported in the study, an
indication of whether the station result was statistically significantly more toxic than the
respective controls, a designation as to whether the station was a peripheral location or a
basin location, and a designation of the geographic region in the estuary in which the
samples were collected. A list of region codes is found at the end of Appendix A.

The locations of the sites that have been sampled and tested for toxicity are illustrated in -
Figure 11. The stars in Figure 11 reflect either individual sampling sites or areas in which
many samples have been collected. They do not necessarily reflect the intensity of
sampling in some areas that have been sampled repeatedly, but are intended to indicate
those general areas in the estuary for which there are sediment toxicity data. The
preponderance of sampling in the peripheral waterways relative to the basins of the estuary
is illustrated in this figure. The areas that have been frequently sampled include the
Alcatraz disposal site, Oakland Inner Harbor, Oakland Quter Harbor, Richmond Harbor,
Mare Island Strait, southern South Bay below the Dumbarton Bridge, and along the Port of
San Francisco shoreline.
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Figure 11. Locations of historical sediment toxigitx sampling areas,
based upon studies listed in Appendix A.
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Large-Scale Patterns in Toxicity

The data from most of the toxicity tests listed in Appendix A are summarized in Table
3. The overall averages (and standard deviations) of the sample means or station means
reported are compared among the basins, peripheral areas, and the two dredged material
disposal sites that were most frequently tested. In bivalve embryo tests performed with
samples diluted 50 percent, 6 samples from the basins had an average of 21.3 percent
incidence of abnormalities as compared with 116 samples collected in peripheral areas that
had an average incidence of 24.3 percent abnormalities, not a large difference. The average
incidence of abnormalities also was similar in samples from both the Alcatraz and
Carquinez disposal sites.

Data were available from 198 samples tested in non-diluted (100% sediment/water)
suspensions; 57 percent of the samples were toxic. A total of 42 percent (13 of 31) basin
samples were significantly toxic versus a total of 62 percent (90 of 144) of the peripheral
samples. The average incidence of abnormalities (16.3%) was much lower in the 18
samples from the basins than in 143 samples from the peripheral areas (42.5%) and the
Alcatraz and Carquinez disposal sites (35.5% and 57.8%, respectively). These data
suggest that the Carquinez disposal site sediments (average of 57 .8% abnormalities) were
much more toxic than those from the basins,

Data were available from 21 samples tested with bivalve embryos, using the Puget
Sound Protocols. Mean percent abnormal development was 3 times higher in 6 peripheral
samples than in 15 basin samples. However, average results from the sea urchin tests were
similar in both peripheral areas and the Alcatraz disposal site.

Fifty percent (56 of 111) of the samples tested with R. abronius were significantly
toxic. The average incidences of mortalities were slightly lower in the basin samples
(average of 34.2% mortality) than in the peripheral samples (average of 38.8% mortality).
A total of 39 percent of the basin samples (13 of 33) were toxic versus 55 percent (43 of
78) of the peripheral samples.

Some recent studies have been conducted in the southern end of South Bay in which
sediments have been tested with estuarine and freshwater species of amphipods (E.
estuarius and H. azteca). The data have indicated somewhat higher toxicity in basin
samples (average of 54.6% mortality) taken near the Dumbarton Bridge than in peripheral
samples (average of 36% mortality) collected in Guadalupe Slough, other adjacent sloughs,
and in the discharge channels of sewage treatment plants.

Overall, except for the toxicity tests performed with the amphipods E. estuarius and H.
azteca, there is a repeating pattern of slightly higher toxicity in peripheral areas combined
than in basin areas combined, However, this generalization should be viewed with
caution, since there are considerably more data from the peripheral areas than from the
basins and there is considerable variability in the data within these two geographic
categories. The standard deviations for most areas often approximate or exceed the means.
Some variability is to be expected since the data from many different parts of the estuary
were merged to generate the averages. Also, average percent mortality and abnormality
data do not account for relative viability of test organisms in the controls.

Small-Scale Patterns in Toxicity

In Tables 4, 5, and 6 the averages of the percent mortality in R. abronius bioassays and
of percent abnormal development in bivalve embryo bioassays are compared among the
basins, disposal sites, and specific peripheral areas. Based upon the average results, each
area was also ranked in order of descending toxicity. Also, the sample sizes available from
each area are shown.
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In addition, in Tables 4 and 6, the ratios (and percentages) of the number of samples
tested in each area to the total number that were identified in the original report as
significantly more toxic than controls are listed. Again, each area was ranked, based upon
these percentages.

Table 4. Results of amphipod toxicity tests for regions in San Francisco Bay based
upon data listed in Appendix A. (A) Average percent mortality with standard
deviations (and number of samples) among R. abronius and aréa ranks based
upon the average mortalities. (B) Ratio (and percentages) of samples
identified in tests with R. abronius, E. estuarius, or H. azteca as significantly
more toxic than controls versus the total numbers of samples that were
tested and area ranks based upon the ratios.

(B)
(A) Ratio of
Average Area Toxic samples ~ Area
Geographic Area Mortality ~ Ranks versus total Ranks
(%) (%)
BASINGS
South Bay, central part 55.4 + 22.6 (14) 3 ND ND
Central Bay 333753 9 3/3 (100%) 1
South Bay, southern part 32.0+ 144 (13) 11 6/12 (50%) 10
South Bay, northern part 25.0 + 14.3 (9} 13 0/3 (0%) 13
San Pablo Bay 234+ 17.5 (17) 14 4/15 (27%) 11
PERIPHERAL AREAS
QOakland QOuter Harbor 755+ 5.0 (2) 1 . 2/2 (100%) 1
Castro Cove 60.3 £ 26.5 (3) 2 3/3 (100%) 1
Islais Creek Waterway 52.0+£378 (3) 4 2/3 (67%) 8
Hunters Point Naval Base 37.2+15.1 (8) 6 6/6 {(100%) 1
Qakland Inner Harbor 360+171(24) 7 14/25 (56%) 9
Alameda Naval Base 335+ 3.5 (2) 8 2/2 (100%) 1
Southern South Bay channels  33.01 114 (9) 10 6/23 (26%) 12
Richmond Harbor 27.0 £ 15.6 (2) 12 2/2 (100%) 1
Guadalupe Slough channel 215+ 3.4 (4) 15 0/4 (0%) 13
Alcatraz disposal site 11.5+ 134 (2) 16 0/2 (0%) 13
Treasure Island Naval Base 48.3 £ 18.3 (6) 5 6/6 (100%) 1

ND indicates no data.

The calculations of average toxicity results (Table 4, column A) allow an evaluation of
the magnitude of the effects (mortality or abnormal development). For example, average
results of 100 percent mortality in an area suggest a much more toxic condition than an
average of, say, 60 percent mortality. However, calculations of average results do not take
into account the variation in results of testing the controls in individual surveys. Therefore,
data for each area also are shown (Table 4, column B} that indicate the numbers of samples
that were significantly different from controls versus the total number of samples that were
tested.
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The sediments most toxic to R. abronius were collected in the Oakland Outer Harbor
and Castro Cove (Table 4). Only two and three samples, respectively, were tested in each
area; all were significantly more toxic than the respective controls. Fourteen samples from
the central part of South Bay (between the San Mateo and Dumbarton bridges) caused
relatively high mortality in the amphipods (average of 35.4%), but, since the tests were

-performed without replication, it was not possible to identify which samples were
significantly different from the controls. Two of three samples from Islais Creek
Waterway were significantly toxic and average mortality was 52 percent. All three samples
collected off Emeryville in Central Bay were significantly toxic, but the average mortality of
33.3 percent ranked ninth. All of the samples from the Hunters Point, Alameda Naval
Base, Richmond Harbor, and Treasure Island Naval Base areas were significantly toxic.
The area sampled most frequently, the Oakland Inner Harbor, was intermediate in toxicity
compared to the other areas. Based upon the average percent mortalities and the percent of
the samples that were significantly toxic, the sediments from the following areas were
considerably less toxic than other areas in the bay: Alcatraz disposal site, the Guadalupe
Slough channel, the other southern South Bay channels (below the Dumbarton Bridge), the
northern part of South Bay (between the Oakland Bay Bridge and the San Mateo Bridge),
and San Pablo Bay. ,

The data from some regions were developed in several different surveys performed at
different times by different investigators. For example, data were generated for the lower
reaches of the Oakland Inner Harbor in two surveys. Average percent mortality among R.
abronius tested in December 1986 was 62.7 + 16.3 and all three of the samples were
significantly more toxic than controls (reference 7 in Appendix A). In tests performed in
March 1988 with R. abronius, average percent mortality was much lower(27.2 + 5.8) and
8 of 18 samples were significantly more toxic than controls (reference 4 in Appendix A).

Another area that was tested for toxicity repeatedly was southwestern San Pablo Bay, an
area initially considered as a within-estuary reference area. Sediments from this area have
been tested in at least six surveys (references 1, 3, 15, 18, 55, and 56 in Appendix A).
There is no obvious pattern of increasing or decreasing toxicity over the nearly 5-year
period for which there are data (Table 5). No seasonal patterns are obvious. Nor are there
obvious differences in results between the two laboratories which have developed the data.

Table 5. Summary of results of amphipod toxicity tests performed with
sediments from southwestern San Pablo Bay.

R. abronius Ratio of Reference Investigator Sampling
Ave. % mortality toxic no. from period
* std. dev. samplesto  Appendix

total A
123+ 104 0/3 3 E.V.S 7/85
26.7 £24.0 3/3 1 EV.S 2/87
9.0, n=1 0/1 15 E.V.S 5/87
15.0, n=1 - 18 ToxScan 10/89
37.0, n=1 /1 55 ToxScan 1790
29.0, n=1 01 56 ToxScan 3/90
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The average incidences of abnormal development in bivalve embryos exposed to 50
-percent dilutions of suspended sediments are summarized in Table 6. In most cases, the

data from

the tests of 50 percent dilutions were not evaluated with statistical tests to identify

significant differences from controls; so, only the average percent abnormalities were
evaluated and compared among areas. Whereas the amphipod bioassays indicated that
samples from Guadalupe Slough were relatively low in toxicity, the data from the bivalve
tests indicated that they were extremely toxic (average of 87.2 + 20.7% abnormalities).

Other areas that this test identified as relatively toxic included the Suisun Slough channel,
Mare Island Strait, and both the Alcatraz and Carquinez disposal sites. Areas identified as
least toxic included the Port of San Francisco, Treasure Island, and Oakland Quter Harbor.

Table 6.

Average percent abnormality (with standard deviations and numbers of
samples tested) among bivalve embryos (M. edulis, C. gigas) exposed to
sediments (50% diluted suspension) from selected areas of San Francisco

Bay and area ranks based upon the average abnormalities (from data listed in

Appendix A).

Geographic Area Average Abnormality (%) Area Ranks
BASINS

South Bay, southern part 47.2,n=1 2
San Pablo Bay 195+19,n=4 10
Central Bay 27,n=1 20
PERIPHERAL AREAS

Guadalupe Slough channel 87.2+20.7,n=28 1
Suisun Slough channel 428+ 174,n=2 3
Mare Island Strait 39.1£29.7,n=10 4
Alcatraz disposal site 283+£244,n=12 5
Carquinez disposal site 28.1+349,n=6 6
Oakland Middle Harbor 222+38,n=6 7
Castro Cove 213+88,n=3 8
Richmond Harbor 21.0+16.3,n=13 9
Pacific Refining 179x35,n=4 il
Oakland Inner Harbor 16.9+£227, n=24 12
Redwood Creek 16.8x21.8,n=2 13
UNOCAL 162+57,n=3 14
Port of San Francisco 14.7 £22.6,n =20 15
Treasure Island 145£33,n= 16
Qakland Outer Harbor 143+£252,n=14 17
San Pablo disposal site 7.5 n=1 18
Alameda Naval Base 73,n=1 19

Table 7 summarizes average incidences of ab
(column A) in tests performed
ratios of the total numbers of samples teste
significantly toxic (column B).
investigators to be significantly different from their respective controls. The average

percent abnormalities were calculated with data derived from only the EPA/ACOE

with undiluted (100%
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protocols; whereas, the ratios of toxic versus total samples were calculated from use of
both the EPA/ACOE and the Puget Sound protocols. No data (ND) were available from
the northern part of South Bay based upon results of tests in which the EPA/ACOE
protocols were used. Data from the Pacific Refining and UNOCAL docks were not
statistically analyzed to determine which samples were different from controls. The areas
were ranked based upon the data in both columns.

Table 7. Results of bivalve embryo toxicity tests (M. edulis and C. gigas) for
areas in San Francisco Bay tested with 100 percent (undiluted)
suspensions, based upon data listed in Appendix A. (A) Average-
percent abnormality (with standard deviations and number of samples)
and area ranks based upon the average abnormalities. (B) Ratios of
numbers of samples identified as significantly more toxic than

respective controls to total numbers of samples tested.

(A) Average (B) Ratio of
percent Area Toxic Samples Area

Geographic Area Abnormality Ranks vs. Total (%)  Ranks
BASINS
San Pablo Bay 19.1 + 31.0 (9 16 9/16 (56%) 15
South Bay, southern part 14.9 1 30.6 (8) 19 2/9 (22%) 20
Central Bay 24 (1) 23 © 0/3 (0%) 21
South Bay, northern part ND ND 2/3 (67%) 1
PERIPHERAL AREAS
Pt. Molate 100.0+ 0 (2) 1 2/2 (100%) 1
Suisun Slough channel 98.5+1.1(2) 2 2/2 (100%) 1
Islais Creek ND ND 4/4 (100%) 1
Guadalupe Slough channel 98.0 + 4.2 (8) 3 8/8 (100%) 1
Redwood Creek 844+ 214 (2) 4 2/2 (100%) 1
Mare Island Strait 762+287(10) 5 8/10 (80%) 8
Richmond Harbor 63.8+409(13) 6 10/13 (77%) 9
Hunters Point 59.1 £ 36.7 (6) 7 4/6 (67%) 11
Carquinez disposal site 57.8 £39.0 (7) 8 2/5 (40%) 18
Port of San Francisco 55.0+435(19) 9 5/7 (71%) 10
QOakland Middle Harbor 43.1 + 18.3 (6) 10 6/6 (100%) 1
Alcatraz disposal site 365+393@30) 11 13/27 (48%) 17
Oakland Inner Harbor 319+354(23) 12 15/29(52%) 16
Treasure Island 290+ 175 (11y 13 11/11 (100%) 1
Pacific Refining 228 +38(4) 14 ND ND
Castro Cove 21.3+£ 109 (3) 15 2/3 (67%) 11
Alameda Naval Base 19.0 £ 15.3 (3) 17 2/3 (67%) 11
Qakland Outer Harbor 189 +£29.2 (18) 18 7/18 (39%) 19
UNOCAL 95+13(3) 20 ND ND
San Pablo disposal site 6.9 (1) 21 0/1 {0%) 21
South Bay, southern channels 5.1+ 5.4 (16) 22 0/14 (0%) 21

ND indicates no data.
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A total of 116 (57.4%) of the 202 samples tested with the bivalve embryos were
significantly more toxic than the respective controls (Table 7). All of the sediment samples
from the Point Molate area, Suisun Slough channel, Guadalupe Slough channel, Redwood
Creek, Treasure Island, Oakland Middle Harbor, the northern part of South Bay (off the
Alameda Naval Air Station [NAS]), and Mare Island Strait were toxic in these tests. Both
samples from the Point Mollate area were significantly different from controls and 100
percent of the embryos were abnormal. Areas with moderate toxicity included Richmond
Harbor, Hunters Point, Carquinez disposal site, Alcatraz disposal site, and Oakland Inner
Harbor. Port of San Francisco samples that were among the least toxic in the 50 percent
dilution tests were intermediate in toxicity in the undiluted tests. Among the least toxic
sediments were those collected from the southern channels and the basin of South Bay
below the Dumbarton Bridge, near the UNOCAL and Pacific Refining docks, in Oakland.
Outer Harbor, in San Pablo Bay, and at the Alameda Naval Base.

Data from bivalve larvae tests were available from the lower reach of the Oakland Inner
Harbor in many different reports (references 1, 4, 7, 12, 13, 23, 24, 25, 26, and 42 in
Appendix A). These data are summarized in Table 8 for each survey. In four of these
surveys average abnormality ranged from 10.5 to 18.3 percent, but in two others they
ranged from 64.5 to 100 percent. Unusual colorations of the sediments (suggestive of anti-
fouling paints and chromium) were noted in those that caused 100 percent abnormality.
Otherwise, all these surveys cited the same methodological protocols, all tested sediments
collected in composited cores, and all were collected in a relatively small area. However,
the samples were taken during different seasons and from different parts of the lower reach
of the Oakland Inner Harbor. Relatively high toxicity was reported by more than one
laboratory and in three different surveys conducted 13 months apart. The variability in the
toxicity data may reflect the patchiness and heterogeneity in the concentrations of chemicals
within regions of the estuary as noted in the preceeding chapter.

Table 8. Summary of results of bivalve larvae tests performed with sediments from the
Oakland Inner Harbor.

Bivalve larvae Ratio of Reference Investigator Sampling
average % abnormality toxic _ no. from period
+ standard deviation samples to Appendix
total A
105 £ 8.3 1/3 7 ToxScan 12/86
243+32 3/3 1 E.V.S. 2/87
100 £ 0.0 2/2 12 EV.S 1/88
64.5 £ 41.6 3/5 4 Battelle 3/88
183+£25 2/2 13 E.V.S 11/88
13.1+6.2 2/6 23-26 M.E.C. 8-9/89
14.0+ 3.5 1/4 42 EV.S 1/90

Another region in the estuary for which there are bivalve larvae toxicity data from
repeated surveys is southwestern San Pablo Bay (Table 9). The average percent
abnormalities in the embryos appeared to be somewhat different in the tests performed by
the two laboratories. Also, during each of the surveys, the sample sizes were relatively
small for this region.
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Table 9. Summary of results of bivalve larvae tests performed with
sediments from southwestern San Pablo Bay.

Bivalve larvae Ratio of Reference Investigator Sampling
Ave. % abnormality toxic no. from period
+ std. dev. -samplesto  Appendix

total A
21.1+40 0/3 3 E.V.S. 7/85
9.8+£3.8 3/3 1 E.V.S. 2/87
139,n=1 1/1 15 E.V.S. 5/87
38,n=1 0/1 18 ToxScan 10/89
7.2,n=1 01 55 ToxScan 1/90
18,n=1 01 56 ToxScan 3/90

Data from inner Richmond Harbor were available from four surveys (Table 10), all
performed by the same laboratory using the same protocols (references 11, 14, 29, and 30
in Appendix A) and all performed during winter months. The degree of toxicity as
determined by percent abnormal development was highly variable during each of the three
surveys in which multiple samples were tested. A range of 2.2 to 100% abnormal
development was reported. In each survey, at least some of the samples were highly toxic

(exceeding 75% abnormality).

Table 10. Summary of results of bivalve larvae tests performed with
sediments from Inner Richmond Harbor.

Bivalve larvae Ratio of Reference Investigator Sampling
Ave. % abnormality toxic no. from period

% std. dev. samples to  Appendix

{min. - max.) total A

625+ 53.7 (24-100) 272 11 E.V.S. 1/88
27.7+41.5(2.2-75.6) 1/3 14 E.V.S. 11/88
75.6,n=1 /1 25 E.V.S. 2/89

79.3 £ 41.1 (17.7-100) 3/4 30 E.V.S. 12/89
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The data from amphipod and bivalve larvae tests were examined to determine which
areas in the estuary had a relatively high incidence of very toxic samples (Table 11). The
criteria of 50 percent mortality and 50 percent abnormality or greater in the amphipod tests
and bivalve larvae tests were used as arbitrary standards. The ratios of the numbers of
samples that equalled or exceeded these criteria to the numbers of samples that were tested
were-determined for selected regions and listed in Table 11. The data from the bivalve
larvae tests considered in this approach included only those from the use of the EPA/JACOE
methods. Eight out of fourteen samples tested from the central part of South Bay were
relatively highly toxic to amphipods (i.e., 50% mortality or greater). In Guadalupe
Slough, seven of eight and eight of eight samples were highly toxic to bivalve larvae in the
two types of tests. Other areas with relatively high incidences of highly toxic samples
included Hunters Point, Richmond Harbor, Mare Island Strait, Suisun Slough channel,
and Port of San Francisco. Areas with very low or no incidences of very toxic samples
included Central Bay, the northern and southern parts of South Bay, San Pablo Bay,
Alameda Naval Base, South Bay channels, and.the Pacific Refining and UNOCAL docks.

The data in Table 11 indicate that there was relatively good correspondence in some
areas among the three types of tests as regards the proportions of samples that were very
toxic, but in other areas there was poor correspondence. For example, small proportions
of the samples tested with the three methods were highly toxic in San Pablo Bay, Central
Bay, South Bay (southern part), Alameda Naval Base, and South Bay channels. Tests
with amphipods and bivalve larvae indicated that small to moderate proportions of samples
from Qakland Inner Harbor, Oakland Quter Harbor, Hunters Point, and Islais Creek were
relatively highly toxic. On the other hand, the data from Guadalupe Slough sediments
tested with amphipods suggested that the sediments were not very toxic, whereas those
data from the bivalve tests suggest that the sediments there were extremely toxic.
Relatively poor agreement between the amphipod and bivalve larvae tests also occurred in
Castro Cove, Richmond Harbor, and Treasure Island.
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Table 11. Ratios of total sediment samples tested in selected regions of San
Francisco Bay with each of three tests versus the number of samples
that equalled or exceeded 50 percent mortalities among R. abronius or
30 percent abnormalities among bivalve larvae (M. edulis, C. gigas)
based upon the data listed in Appendix A.

Geographic Amphipod Bivalve Bivalve
Area Mortality Abnormality Abnormality
(=50%) (50% dilution) (No dilution)
(=50%) (=50%)
Ratios

San Pablo Bay 2/17 0/4 1/13
Central Bay 0/3 0/1 011
South Bay, northern part 1/9 - -
South Bay, central part 8/14 - -
South Bay, southern part 2/13 on 1/8
Alcatraz disposal site 0/2 2112 10/30
Carquinez disposal site - 1/6 317
San Pablo disposal site - 011 01
Suisun Slough channel - 172 2/2
Mare Island Strait - 2110 710
UNOCAL docks - 0/3 03
Pacific Refining . 0/3 0/3
Castro Cove 213 0/3 0/3
Richmond Harbor 072 1/13 8/13
Point Mollate - 0/2 212
Treasure Island 3/6 0/5 1411
Oaklangd Outer Harbor 212 1/14 2/18
Oakland Middle Harbor - 0/6 3/6
Qakland Inner Harbor 5/24 2123 5/23
Alameda Naval Base 072 0n 0/3
Port of San Francisco - 1/19 9/19
Islais Creek 13 0/1 11
Hunters Point 2/8 - 4/6

" Redwood Creek - 02 22
South Bay channels 1/9 - 0116
Guadalupe Slough 0/4 778 8/8

One additional approach was used to evaluate the toxicity data in an attempt to identify
where extremely toxic sediments had been collected. In this approach, it was assumed that
samples that were significantly different from controls and caused 75 percent or more
mortality in amphipods or 75 percent or more abnormal development in bivalve larvae were
extremely toxic. The locations of the sampling sites in which either 75 percent of more of
the amphipods (R. abronius and E. estuarius) died or 75 percent or more of the bivalve
larvae (M. edulis and C. gigas) were abnormal are shown in Figure 12. Each star in Figure
12 represents the sampling location of an individual sample that was extremely toxic, using
the arbitrary 75 percent criteria mentioned above. The data from the bivalve larvae tests
considered in this approach included those from both the EPAJACOE and Puget Sound
protocols, therefore more data were considered than in Table 11.
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Figure 12. Sites in which sediments caused 75 percent or greater mortality in amphipods
or abnormal development in bivalve larvae based upon data listed in
Appendix A.
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The Iocations indicated in Figure 12 as extremely toxic can be compared to all of the
locations shown in Figure 11 for which there are data. .Extremely toxic samples were
scattered throughout the estuary, but clusters of stations were apparent in the vicinity of
Oakland, San Francisco, Vallgjo, Alcatraz, Richmond, and the southern channels of South
Bay.

The sites that were extremely toxic (sediment samples caused 75% or more mortality in
amphipods or 75% or more abnormality in bivalve larvae) were located:

* along the Port of San Francisco shoreline (9 samples);

* atthe Alcatraz disposal site (8 samples); in Guadalupe Slough (8 samples);
* in inner Richmond Harbor (7 samples);

* in Mare Island Strait (7 samples);

* in Oakland Inner Harbor (5 samples);

* in Oakland Outer Harbor (4 samples);

* inIslais Creek Channel (4 samples);

* insouthern South Bay near or below the Dumbarton Bridge (3 samples);

* at the Carquinez disposal site (2 samples); off Point Mollate (2 samples);

* in Suisun Slough channel (2 samples); off Hunters Point (2 samples);

* in South Bay off San Leandro (2 samples); in Redwood Creek (2 samples);
* in Richmond Outer Harbor (1 sample);

* in Pinole shoal channel (1 sample);

* off Treasure Island (1 sample);

* off the Alameda Naval Air Station (1 sample);

* and in outer Castro Cove (1 sample).

At least one sample from each of these sites elicited a very high toxicological response in
one or the other of the two bioassays or both. Most of these sites were located in
peripheral areas, but some were located in the basins.

Relationships Between Sediment Contamination and Toxicity

The San Francisco estuary has received many kinds of organic compounds and trace
elements, any and all of which have a potential for being toxic to resident organisms.
These toxicants occur in the estuary in different proportions and mixtures. As estimated in
the previous chapter, some of these chemicals occur in the estuary in concentrations that
could cause toxicity. Itis of interest to estimate which, if any, of the physical-chemical
parameters of sediments were most closely associated with toxicity. In this section,
matching, paired sediment chemistry and toxicity data were compared using two methods
applied to the same data. The correlations between chemical and physical variables and
toxicity were determined. Also, the chemicals that were most elevated in concentration in
toxic samples compared to nontoxic samples were identified. g

Initial evaluations of matching sediment chemistry and bioassay data from San
Francisco Bay have been performed to determine Apparent Effects Thresholds (AETS), the
concentrations above which significantly toxic effects were always observed (Becker et al.,
1990; Long and Morgan, 1990). Also the mean chemical concentrations co-occurring with
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significantly toxic sediments have been compared to the mean concentrations in nontoxic
sediments (Long and Morgan, 1990).

In both the AET and co-occurrence approaches to the evaluation of matching field-
collected data, it is assumed that some agent(s) in the sediments caused the toxic response
elicited in the bioassays. Those agent(s) may have included the chemicals that were
quantified in the chemical analyses, but, also may have included chemicals that were not
quantified or other natural physical-chemical properties of the sediments.

In Puget Sound, AET concentrations (Barrick et al., 1988) have been used to establish
marine sediment quality standards for Washington State. Generally, there was a good
degree of correspondence, or concordance, between the toxicity data and the matching
chemical data. DeWitt ez al. (1988) calculated the mean concentrations of six trace metals,
tPCBs, and tPAHs in Puget Sound that co-occurred with significant toxicity to R. abronius
and compared those concentrations with those in sediments that were not toxic to the
amphipods. The samples analyzed by DeWitt et al. (1988) that were highly toxic had mean
chemical concentrations 2.0 to 44.5 times higher than those that were not toxic. The
average of the ratios between the chemical concentrations in toxic samples and the nontoxic
samples was 12,2, That is, on average, the toxic samples were 12.2 times more highly
contaminated than nontoxic samples based upon the quantification of eight analytes. In
Commencement Bay samples that were analyzed by Tetra Tech (1985), the average of the
ratios between 25 chemical concentrations in samples toxic to R. abronius versus those not
toxic to R. abronius was 14.8 (from Long and Morgan, 1990). The ratios ranged from 0.6
to 102. In analyses of sediments from southern California (Anderson et al., 1988), the
average of the ratios of 27 chemical concentrations in samples toxic to Grandidierella
japonica versus those not toxic to this amphipod was 2.95 (from Long and Morgan, 1990).
The ratios ranged from 0.6 to 9.6.

Correlation Analyses. Matching chemical and toxicity data were available from some of
the reports listed in Appendix A. Data from chemical analyses and the amphipod tests with
R. abronius were extracted from Long and Buchman (1989); U.S. Navy (1987); Chapman
et al. (1987); and Word et al. (1988). Data from chemical analyses and bivalve larvae tests
were extracted from the same four references plus references 13, 14, and 42 in Appendix
A. These matching data from the different reports were merged and correlations between
toxicity test results and physical-chemical parameters were determined. The amount of data
available differed between the two toxicity tests and among the physical-chemical variables
(Table 12).

Generally, chemicals often associated with anthropogenic sources were relatively
highly correlated with toxicity to bivalve larvae. The highest positive correlations were
between percent abnormal development in bivalve larvae and a number of PAHs and
classes of PAHs. Low and high molecular weight PAHs were most highly correlated with
these toxicity test results. Many of the correlations were highly significant. Bivalve larvae
abnormalities also were relatively highly correlated with total tin, tributyl tin, Pb, Cu, Ag,
and p,p-DDT, but not with percent fine-grained sediments, again suggesting that these
chemicals were of anthropogenic origins.

The correlation coefficients for the amphipod mortality test results generally were lower
than the corresponding coefficients for the bivalve larvae tests. The variables that
correlated most highly with amphipod mortality were concentrations of total organic carbon
(TOC) and benzo(e)pyrene. Similar to the bivalve larvae tests, amphipod mortality was
significantly ‘correlated with several PAHs, Cd, Pb, and p,p'-DDE; chemicals often
associated with anthropogenic inputs.

34



Based upon relatively small sample sizes, Spies (1989a) and Davis et al. (1990)
concluded that there were no apparent correlations between toxicity and toxicants in San
Francisco Bay sediments. They suggested that there were better correlations between
toxicity and both TOC content and grain size. Data from 15 samples reported by Long and
Buchman (1989) also indicated a positive relationship between toxicity to both mussel
larvae and amphipods and TOC content, but not with percent fine-grained sediments. The
correlations with the concentrations of Hg and a few groups of organic compounds also
were positive, but weaker than those for TOC content. In the present evaluation performed
with larger data sets, the correlations between toxicity and the concentrations of a number
of anthropogenic toxicants were relatively strong and very significant, the correlation with
percent fine-grained sediments was not significant, and the correlation with TOC content
was significant, but weaker, than that for many toxicants. The correlations between
amphipod mortality and both TOC content and benzo(e)pyrene concentrations were
significant and relatively strong, whereas the correlation with fine-grained sediments was

weaker and significant at P = 0.07.

Table 12

Correlation (R2) coefficients for matching sediment toxicity and

chemistry data from San Francisco Bay. Correlations that were
statistically significant (P=0.10) are accompanied with asterisks
and corresponding P values.

Amphinod P Mortali
Chemical or carrelation Sample correlation Sample
physical variable coefiicient (P) Size coefficient (P) Size
p.p-DDE +0.007 36 +0.120* (0.10) 24
p,p-DDT +0.122* (0.03) 37 +0.055 24
naphthalene +0.007 37 +0.036 24
2-methyl naphthalene +0.354%* (0.002) 24 +0.052 24
1-methyl naphthalene +0.165* (0.05) 24 +0.013 24
biphenyl +0.421* (0.006) 24 +0.140% (0.07) 24
2,6-methyl naphthalene +0.359* (0.002) 24 +0.160* (0.05) 24
fluorene +0.219*% (0.002) 39 +0.026 43
phenanthrene +0.295% (0.0003) 39 +0.060 42
1-methyl phenanthrene +(.528* (0.0001) 23 +0.169* (0.05) 23
fluoranthene +(.254* (0.001) 40 +0.077* (0.08) 42
chrysene +0.348* (0.0001) 40 +0.066* (0.10) 42
benzo{e)pyrene +0.348* (0.0001) 24 24+40.201* (0.03) 24
low molecular weight PAH  +0.556* (0.0001) 24 +0.140% (0.07) 24
high molecular weight PAH  +0.574% (0.0001) 24 +0.135* (0.08) 24
sum of 16 to 18 PAH +0.208* (0.003) 40 +0.050 42
total PCB +0.078* (0.08) 40 +0.018 42
sitver +0.228* (0.002) 40 +0.055 42
arsenic +0.125% (0.01) 50 -0.031 53
cadmium +0.116* (0.03) 40 +0.101* (0.04) 43
chromium +0.039 51 -0.009 52
copper +0.165*% (0.003) 51 +0.026 53
lead +0.136* (0.01) 51 +0.153* (0.004) 53
mercury +0.003 51 +0.039 53
nickel +0.144* (0.006) 51 +0.009 53
selenium +0.122* (0.03) 40 +0.019 42
tin +0.434* (0.0005) 24 +0.015 24
zinc +0.160* (0.004) 51 +0.026 53
tributy! tin +0.289* (0.03) 16 -0.041 18
percent silt+clay +0.040 40 +0.071* (0.07)42 42
percent total organic carbon  +0.191* (0.001) 51 +0.291* (0.0002) 42
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Co-occurrence Analyses. The same data used in the correlation analyses also were
used to determine the average chemical concentrations associated with toxic sediments. A
summary of the chemical concentrations co-occurring with significantly toxic and nontoxic
sediment samples from San Francisco Bay tested with R. abronius is presented in Table
13. A total of 53 samples were analyzed for toxicity; 53 or fewer of these samples were
analyzed for each of the chemicals listed in the table. "Significantly toxic" sediments were
those identified by the individual analysts as significantly different (more toxic) than the
respective controls. Co-occurrence analyses were not performed for some chemicals (i.e.,
many aromatic hydrocarbons) evaluated with correlation analyses due to small sample sizes
among nontoxic samples. The ratios between the mean chemical concentrations in toxic
samples versus nontoxic samples are listed along with the AET values derived by Becker et
al. (1990) for northern California or by Long and Morgan (1990) for San Francisco Bay.

As compared to Puget Sound, Commencement Bay, and southern California, the ratios
between the chemical concentrations in toxic samples versus nontoxic samples from San
Francisco Bay were very small; the average of the ratios was 1.3 (Table 13). The average
concentrations of some chemicals (i.e., those with ratios of less than 1.0) were higher in
the nontoxic samples than in the significantly toxic samples. These chemicals (arsenic,
chromium, copper, sclenium, acenaphthene, and fluorene) were weakly or not significantly
correlated with the toxicity results (Table 12). With a ratio of 8.0 between concentrations
in toxic versus nontoxic samples, the concentration of p,p-DDT showed the highest degree
of elevation in the toxic samples. The mean concentration of p,p-DDT nearly equalled the
AET and the concentrations in some samples exceeded the AET. However, the
concentrations of p,p-DDT were not significantly correlated with toxicity to R. abronius
(Table 12). The standard deviations often equalled or exceeded the mean chemical
concentrations, indicating a large degree of variability. In addition, the AET values were
often much higher than the mean chemical concentrations co-occurring with toxic samples,
indicating that there were some toxic samples with relatively low chemical concentrations
and that the mean concentrations never equalled the AET for those chemicals.

Table 13 also lists the mean percent of fine-grained sediments (silt + clay) and total
organic carbon (TOC) content associated with toxic and nontoxic samples. The average
percent fines in toxic samples was 87.1 + 12.4 percent (range of 47.2 to 97.8%),
compared to the average of 76.2  19.6 percent (range of 23.3 to 94.1%) in nontoxic
sediments. The ratio between the two means was 1.1, slightly lower than the ratio of 1.3
between the chemical concentrations in toxic and nontoxic samples. The ratio between the
average TOC content in toxic samples versus nontoxic samples was 1.1. The correlation
between amphipod mortality and percent fines was relatively small (but significant).
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Table 13. Mean chemical - concentrations (and standard deviations) in San Francisco Bay
sediments determined to be either toxic or not toxic to R. abronius (from Long
and Morgan, 1990), ratios between these concentrations, and AET values derived
by Becker et al. (1990) for northern California.

Chemical Significantly Not Ratio of AET
Analyte Toxic Toxic Means Value
(42.9£19.2% (18.416.8%
mortality,n = 34) mortality, n = 19)
Trace Metals (ppm)
Arsenic 1514, n=34 30£22,n=19 0.5 >72
Cadmium 06+04,n=24 06+03, n=19 1.0 1.7
Chromium 155+ 102, n =33 203+97,n=19 0.8 >240
Copper 70+47,n=34 75143, n=19 0.9 98
Lead 58+61,n=34 54 +36,n=19 1.1 120
Mercury 0.7+£08, n=34 0.6+04,n=19 1.2 1.2
Selenium 06£03,n=23 09+05 n=19 0.7 0.2
Silver 1217, n=23 14219, n=19 0.9 >8.6
Zinc 158+ 87, n=34 177 £96,n=19 0.9 230
Organic Compounds (ppb)
Acenaphthene 59117, n=15 12+17,n=9 0.5 56
Anthracene 120+ 277, n =23 120+ 269, n =19 1.0 1100
Benzo(a)pyrene 429 + 382, n =23 423 + 465, n = 19 1.0 >1300
Benzo(e)pyrene 268 +276,n =15 157 £206,n=9 1.7 690
Chrysene 423+ 512, n=23 4051571, n=19 1.0 2100
Fluoranthene 583 £789, n=23 572+ 880,n=19 1.0 >3700
Fluorene 29+48, n=24 43+51, n=19 0.7 210
Naphthalene 53+38,n=15 65+54,n=9 0.8 >160
Phenanthrene 220+163, n=23 199 + 205, n =19 1.1 510
Pyrene 866 + 870, n = 23 7434902, n = 19 1.2 2600
Low PAH 557 £767,n=15 532+ 844, n=9 1.0 2100
High PAH 2482 £3201,n=15 2086 £ 3696, n =9 1.2 >11,000
Total PAH 3832+3927,n=23 3570+ 4499, n=19 1.1 >15,000*
Total PCB 146+ 218,n=23 101+£153,n=19 14 260
p.p-DDT 8+18,n=15 143,n=9 8.0 9.6
Dieldrin 76+75n=13 6.2+06,n=2 1.2 6.6
Average of ratios
San Francisco Bay 1.3
Puget Sound 12.2
Commencement Bay 14.8
Southern California 2.95
Sum of %
silt + clay 87.1+124 7621+ 196 1.1 na
n=23 n=19
T % 1.66 0.6, 1.45 + 0.6, 1.1 na
n=23 n=19

*AET value for total PAH from Long and Morgan (1990).
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Ratios similar to those presented above for the amphipod bioassay data are listed in
Table 14 for the bivalve larvae bioassays performed in San Francisco Bay. The average
chemical concentrations in 38 samples that were determined to be significantly toxic were
compared with the concentrations in 13 nontoxic samples; and, the ratios of the two
averages were determined. The data were the same as those used in the correlation
analyses. Co-occurrence analyses were not performed for some chemicals (i.e., many
aromatic hydrocarbons) evaluated with correlation analyses due to the small sample sizes
among nontoxic samples. The AET values calculated by Becker et al. (1990), based upon
a combined data set for all of California, are presented in Table 14.

The analogous ratios for bivalve larvae test results (Table 14) were much higher than
for the amphipod test results (Table 13), as indicated (Table 12) in the higher correlation
coefficients. That is, based upon both the correlation analyses and the co-occurrence
analyses there appears to be a stronger relationship between toxicity and toxicant
concentrations for the bivalve larvae tests than for the amphipod tests.

The chemical concentrations in toxic samples, on average, were 1.8 times higher than
the concentrations in samples that were not toxic. The ratios ranged from 0.4 to 4.7 for the
32 analytes. The chemicals most elevated in toxic samples relative to nontoxic samples
were tributyltin, p,p'-DDT, anthracene, benz(a)anthracene, chrysene, dibenzo(a,h)
anthracene, and fluorene. The mean concentrations of p,p-DDT and dibenzo(a,h)
anthracene approached or equalled the respective AET values. Generally, those chemicals
that were most highly correlated with toxicity test results were most highly elevated in
average concentrations in the toxic samples.

The average of the ratios between 25 chemical concenirations in Commencement Bay
samples analyzed by Tetra Tech (1985) that were toxic to bivalve larvae versus those that
were not toxic (listed by Long and Morgan, 1990) was 6.8. The analogous average of the
ratios was much smaller, 1.8, in San Francisco Bay. The ratios of the average percent
fine-grained sediments and TOC in toxic versus nontoxic samples in San Francisco Bay
were 1.2 and 1.1, respectively. The average concentrations of chromium, dieldrin, and
naphthalene were higher in nontoxic samples than in samples that were toxic.
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Table 14. Mean chemical concentrations (and standard deviations) in San Francisco Bay
sediments determined to be either toxi¢ or not toxic to bivalve larvae {from
Long and Morgan, 1990), ratios between these concentrations, and AET values
derived by Becker et al. (1990) for all of California.

Chemical Significantly Not Ratio of AET
Analyte Toxic Toxic Means Value
(67.3+26.6% (14.8£11.9%

abnormality, n = 38 ) abnormality, n = 13)
Trace Metals (ppm dw)
Arsenic 2184214, n=37 142+126,n1n=13 15 70
Cadmium 0.6+04,n=28 05+03,n=12 1.2 0.57
Chromium 135.1+90.7, n = 38 167.2 £ 56.6,n= 13 0.8 >240
Copper 67 + 46, n = 38 61+30,n=13 1.1 66
Lead 56.4 + 60.3, n = 38 49+30,n=13 1.2 71
Mercury 08£1.0,n=38 1.1£20,n=13 0.7 0.51
Nickel 98.4 £ 335, n =38 92 +£28.6,n=13 1.1 >170
Selenium 07+05 n=28 04+04,n=12 1.8 na
Silver 161221, n=28 0.6+03, n=12 2.7 23
Zinc 153 £86,n = 38 152+63,n=13 1.0 150
Tributyltin
(ppm dry wt.) 01370220, n=7 0.029 +£0.031,n=9 4.7 na
Qrganic Compounds (ppb dw)
p.p'-DDT 79+224,n=26 17£31,n=11 4.6 9.6
p.p'-DDE 32259, n=25 31+£29,n=11 1.0 23
Dieldrin 60+72,n=17 157 +29.6,n=10 0.4 6.6
Acenaphthene 92+169,n=25 6.8+£9.8,n=11 14 16
Anthracene 167 £ 324, n= 28 50£33,n=12 3.3 60
Benz(a)anthracene 55 476, n = 28 22:20,n=12 25 150
Benzo(a)pyrene 453 + 446, n =28 302+288, n=12 15 430
Chrysene 471 £ 627, n=28 163195, n=12 29 190
Dibenzo(a,h)anth. 632 80,n=28 21£22,n=12 30 63
Fluoranthene 638+ 971, n=28 296 +349, n =12 2.2 39
Fluorene 31+x60,n=28 125+16,n=11 2.5 19
Naphthalene 45+41,n=25 69+142,n =12 0.7 >160
Phenanthrene 221+ 197, n =28 125+ 130, n =11 1.8 170
Pyrene 697 £ 935, n =28 471+709, n=12 1.5 490
Total PAH 3783 + 4619, n=28 2752+ 2765, n = 12 14 870*
Total PCB 113+ 162, n =28 128 £ 212, n=12 0.9 88
Average of Ratios
San Francisco Bay 1.8
Commencement Bay 6.8
Percent silt & clay 874+ 134, n=28 76.0+234,n=12 1.2
TOC 1.29 + 0.76, n = 38 1.13+041,n =13 1.1

*AETs value for total PAH from Long and Morgan (1990).
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SUMMARY

Data available from 60 studies were merged and reviewed to determine spatial extent of
sediment toxicity in the estuary and to determine the relationships, if any, between toxicity
and chemical contamination in sediments. Several procedures were used to evaluate the
data.

The determination and delineation of the extent of sediment toxicity based upon the
historical data was hindered by a number of factors. Many areas that could be toxic have
not been tested for toxicity or have been undersampled, so it was difficult to identify the
spatial extent of toxicity. For example, much of the basin areas of the estuary have not
been tested. However, some data were available for most regions of the estuary. The data
available from these 60 studies were generated during several years by different
laboratories. They were not collected at a single time by one laboratory. Different
sediment sampling protocols were used in some of the 60 different studies. Some subtle
differences in the execution of ostensibly similar testing methods could have occurred
among laboratories and between years. However, in most cases, there did not appear to be
any systematic differences in results among laboratories. Differences in the viability and
performance of batches of test organisms could have occurred among the 60 studies.
Because of these factors, the generalizations in the patterns described below in toxicity
must be viewed with caution until additional testing can verify the conclusions.

Toxicity occurred more frequently in peripheral areas than in the basins, especially as
determined in the undiluted bivalve embryo bioassays. In the bivalve embryo tests, a total
of 42 percent (13 of 30) of the samples from the basins were significantly toxic, compared
to 60 percent (103 of 169) in sediments from peripheral areas. In the amphipod tests 39
percent (13 of 33) in the basins and 55 percent (43 of 78) in the peripheral areas were
significantly toxic.

In some areas, considerable amounts of data have been generated. However, they have
been collected in different surveys performed in different years and seasons. Data from
some areas were highly variable, even in relatively small areas. This patchiness could have
been a result of very high heterogeneity in chemical concentrations within these areas.
Comparisons of ambient chemical data and concentrations previously associated with
toxicity indicated that there often was a very high degree of variability in concentrations
within relatively small areas, Therefore, the potential for toxic effects would be expected to
vary considerably within these areas. The available evidence does not suggest that the
variability in toxicity data within these areas was a function of the seasons or the
laboratories performing the analyses.

Based upon the cumulative evidence of (1) the average percent mortality in the
amphipod tests, (2) the average percent abnormality in the bivalve embryo tests, (3) the
percent of the samples that were significantly more toxic to amphipods than controls, and
(4) the percent of the samples that were significantly more toxic to bivalve embryos than
controls; the areas tested thus far with the highest toxicity were (more or less in order of
descending toxicity):

e Point Molate, Suisun Slough channél,

« the central portion of South Bay (between the San Mateo and Dumbarton bridges),

+ Islais Creek,

*  Mare Island Strait,

* Qakland Middle Harbor,

» Redwood Creek,
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* vicinity of Hunters Point,

* Guadalupe Slough,

» Castro Cove,

* Richmond Harbor,

* and near the Treasure Island Naval Base.

Sediments from these areas generally caused the highest incidences of abnormal
development in bivalve embryos and/or the highest incidences of mortality in amphipods,
and had the highest frequencies of toxic samples relative to the numbers of samples that
were tested. All but one of these areas (central portion of South Bay) are peripheral arcas
located either in industrial harbors or industrial channels, and/or are near major industrial or
military facilities around the perimeter of the estuary. Also, all but the central portion of
South Bay are relatively small areas with readily definable channel boundaries or other
limits,

Based upon these cumulative data, the areas tested thus far that were intermediate in
toxicity included:

* northern part of South Bay,

*  Alcatraz disposal site,

* Carquinez disposal site,

* Qakland Inner Harbor,

* Oakland Outer Harbor,

* vicinity of Alameda Naval Base,

* and the Port of San Francisco.

Again, based upon the cumulative evidence, the areas tested thus far that were among
the least toxic included:

* San Pablo Bay near the UNOCAL and Pacific Refining docks,

* southwestern San Pablo Bay,

* Central Bay,

* the southern South Bay channels and sloughs (except Guadalupe Slough),
* and southern South Bay (south of the Dumbarton Bridge).

Average incidences of abnormal development in bivalve embryos and average incidences
of mortality in amphipods often were lowest in sediments from these areas and/or the
frequencies of significantly toxic samples were lowest there.

Chemical data were available in Long et al. (1988) from many of the regions for which
there were, also, historical toxicity data collected in later surveys (Table 15). In Table 15,
those chemicals are identified in each region that equalled or exceeded the ERM guideline
values from Long and Morgan (1990). These exceedances were illustrated in Figures 2
through 10. Data were available for most, but not necessarily all, of the analytes for all of
the regions. Also listed in Table 15 are average mortalities in amphipod tests, average
abnormalities in bivalve larvae tests, and percents of the samples tested that were
significantly more toxic than controls (data from Tables 4 and 7). There were no toxicity
data available for some areas for which there were chemical data and vice versa.

Except for Castro Cove, all regions for which chemical data were available had at least
one chemical that equalled or exceeded an ERM guideline. Also, all regions for which
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toxicity data were available had samples that were toxic in on¢ or both tests. Sediments
from some regions (e.g., Guadalupe Slough, Central Bay, South Bay) were determined to
be toxic in one test, but not in the other test. The region that generally was relatively low in
toxicity (San Pablo Bay), nevertheless, had relatively high concentrations of trace metals.
Importantly, none of the regions for which there are data available were nontoxic and
relatively uncontaminated.

Much of these data are contradictory and few clear spatial patterns in toxicity and
concordance between chemical data and toxicity data are apparent. However, several
regions appeared to be both relatively highly toxic and highly contaminated.

The maximum and median concentrations of several trace metals exceeded the respective
ERM values in sediments collected along the Port of San Francisco shore. In bivalve
larvae tests, 70 percent (5 of 7) of the samples from this region were toxic. Islais Creek
Waterway had very high concentrations of PAH, PCB, and four trace metals in the
sediments. Sediments from that region were very toxic to bivalve larvae and amphipods.
Hunters Point sediments had high concentrations of silver and they were toxic to
amphipods. Three trace metals were elevated in concentration in Oakland Outer Harbor and
two samples from this region tested with amphipods were very toxic. Sediments from
Richmond Harbor had high concentrations of DDT and three trace metals and 77 percent
(10 of 13) samples were toxic to bivalve larvae. Sediments from Mare Island Strait had
high concentrations of three trace metals and 80 percent of the samples tested with bivalve
larvae were toxic.

Since the concentrations of many chemicals generally were relatively high in some
peripheral areas (Figures 2 through 10) where sediments often were toxic (Tables 3, 4, 6,
and 7) it was of interest to determine which individual chemicals or chemical groups were
most highly associated with the toxicity. Data analyses were performed to determine the
correlations between toxicity and chemical concentrations and to determine the average
concentrations in both toxic samples and nontoxic samples. Based upon these analyses,
there is evidence that some anthropogenic toxicants, particularly some of the PAHs, were
associated with the toxicity in sediments. The concentrations of many PAHs and classes of
PAHs were highly correlated with toxicity to bivalve larvae, and, to a lesser extent, to
amphipods. The concentrations of the PAHs were highest in peripheral areas, such as
Islais Creek, India Basin, and China Basin (Figure 9), that often were toxic to bivalve
larvae and/or amphipods (Tables 4 and 7). Other chemicals usually associated with
anthropogenic sources, namely Pb, Ag, Sn, tributyl tin, and DDT, also were correlated
with toxicity and often highly concentrated in certain peripheral areas that frequently were
toxic (Table 15). The average concentrations of DDT were highly elevated in samples that
were significantly toxic to bivalve larvae and amphipods :

The correlations between most of the other physical-chemical parameters and toxicity
were relatively low, although many were statistically significant. An exception, percent
TOC content, was relatively highly correlated with toxicity to amphipods. The ratios of the
average concentrations of chemical contaminants in sediments that were significantly toxic
to those that were not toxic were much lower in San Francisco Bay than the analogous -
ratios for Puget Sound, Commencement Bay, and southern California.
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Although the correlations between toxicity and the concentrations of some of the
chemicals look promising, they do not constitute empirical evidence of cause/effect
relationships. Further laboratory work is needed to establish those relationships.
However, the present evaluation does indicate that there are positive associations between
toxicity and some anthropogenic toxicants, not just natural sedimentological factors.

In any evaluation of matching chemical and biological data from field studies, such as
that presented here, there are a number of cautionary factors to consider. First, to provide a
sufficient sample size to evaluate, the data that were evaluated were merged from many
different studies. These studies were conducted in different parts of the estuary. The data
may represent conditions in different pollution gradients with different proportions
(fingerprints) and absolute concentrations of contaminants. As a result, some samples
from one part of the estuary that were toxic may have had high concentrations of some
chemicals that occurred in low concentrations elsewhere in other samples that also were
toxic. As a consequence of merging the data sets from the different areas, the distinctions
between toxic and nontoxic conditions may have been obscured. However, without
merging data sets, the sample sizes for any particular area in the estuary would be very
small, precluding any meaningful comparisons of the data.

Second, physical and/or chemical factors that have not yet been quantified may
contribute to toxicity in the bioassays. Factors such as angularity of sediment grains,
asbestos fibers from nearby crysotile deposits, or natural, biogenically derived toxicants
may cause or contribute to the toxicity observed in the bioassays. Some evidence suggests
that unionized ammonia concentrations are correlated with sediment toxicity (Mike Carlin,
San Francisco Bay Regional Water Quality Control Board, personal communication).
Third, differences in organic carbon content and chelation by sulfides in the sediments may
alter the bioavailability of the toxicants in the sediments sufficiently to influence the results
of the toxicity tests. Subtle differences in bioavailability of the potential toxicants may
trigger or inhibit positive toxicity test responses. Additional, carefully designed studies
may elucidate promising toxicity/toxicant relationships.

45






CHAPTER 3
SYNOPTIC SURVEY OF SEDIMENT TOXICITY

METHODS
Overall Approach

A battery of tests of sediment toxicity were performed by ToxScan, Inc. (Watsonville,
California) as indicators of the potential for biological effects associated with toxicants in
the sediments of San Francisco Bay. Existing chemical data (summarized by Long et al.,
1988) from analyses of sediments were used to design a sampling plan. The sampling plan
was intended to determine spatial patterns and extent in sediment toxicity. A total of 45
sampling sites was sampled once (three samples per site) and tested with a battery of
bioassays. Patterns in toxicity were determined using a variety of arithmetical, statistical,
and graphical methods. Also, an attempt was made to develop methods for identifying
cytogenetic effects in bivalve embryos, similar to the methods used to identify these
endpoints in sea nurchin embryos (Hose, 1985).

The toxicity tests chosen for the survey were those performed ‘with bivalve embryos,
bioluminescent bacteria, and sea urchin embryos. The bivalve embryo test for survival and
abnormal morphological development had been shown in a previous study (Long and
Buchman, 1989) to have very high sensitivity, high discriminatory power, and low within-
sample variability. A variety of cytogenetic endpoints in sea urchin embryos also
performed well in the same study. The bioluminescence test had been performed in Puget
Sound (Schiewe er al., 1985) and had been used to identify a gradient in toxicity when
exposed to organic extracts of sediments,

Sediment Sampling and Handling

The sediment chemistry data evaluated by Long er al. (1988) indicated that the highest
concentrations of most toxicants were found in many of the peripheral harbors and
waterways of the bay, in parts of South Bay, and in the eastern shoals of Central Bay off
the cities of Berkeley and Emeryville. Therefore, the sampling effort was focused upon
these areas (Figure 13).

Sediments were collected at 45 sites. Sites located in Richmond Harbor, Oakland Quter
Harbor, Oakland Inner Harbor, San Leandro Bay, China Basin, Islais Creek Waterway,
and Redwood Creek were expected to be the most toxic. Sites located along the
Berkeley/Emeryville shore of Central Bay, off the Alameda NAS, along the South San
Francisco/San Mateo shore of South Bay, in South Bay below the San Mateo Bridge, and
in Guadalupe Slough below the Dumbarton Bridge were expected to be moderately toxic.
Sites in north-central South Bay and northwest of Treasure Istand were expected to be least
toxic, along with a site in southwestern San Pablo Bay that was regarded as a within-
system reference site. A site near Raft Island in lower Carr Inlet of Puget Sound,
Washington was sampled and tested as the negative sediment control for each batch of
samples.

Three separate samples, one at each of the stations, were collected at 30 of the 45 sites.
The contents of the three samples were not pooled; rather, they were tested separately. At
the remaining 15 sites, three individual samples were collected at one of the stations, while
the other two stations were sampled once as per the protocol used in the first 30 sites. A
total of 165 samples from San Francisco Bay and 3 from Carr Inlet were tested during the
- survey. The sediment samples were collected during three sampling periods: January 4-5,
1990; January 29-31, 1990; and March 12-15, 1990 (Table 16). Carr Inlet sediments were
sampled and tested during each period.

47



San Pablo Bay

1

28 29
30 S&uth Bay

33
32 33

37
35 4

Figure 13. Locations of 1990 sediment toxicity survey sampling sites.
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Table 16. Sediment collection dates and coordinates.

Site Site Date North West

No. Location =~ Collected  TLatitude  Longitude
1 San Pablo Bay 1/29/90 38°03'30" 122°24'00"
2 Inner Richmond Harbor 1/29/90 37°55'15" 122°21'58"
3A-1, B, C* Inner Richmond Harbor 1/5/90 37°54'22" 122°21'30"
3A-2, A-3 Inner Richmond Harbor 1/29/90 37°54'22" 122°21'30"
4A-1, B, C* Cuter Richmond Harbor 1/5/90 37°5424" 122°22'37"
4A-2, A3 Quter Richmond Harbor 1/29/90 37°54'24" 122°22'37"
5 Outer Richmond Harbor 1/5/90 37°55'00" 122°24'10"
6 Point Isabel 1/5/90 37°53'50" 122°20'30"
7 Point Isabel 1/5/90 37°53'30" 122°22'45"
8 Berkeley 1/5/90 37°52'00" 122°20'00"
9 Berkeley 1/5/90 37°51'30" 122°22'30"
10 Emeryville 1/5/90 37°50'10" 122°19'13"
11 Emeryville 1/5/90 37°50'08" 122°22'55"
12 QOakland Quter Harbor 1/29/90 37°49'06" 122°19'15"
13 off Alameda NAS 1/30/90 37°47'25" 122°2('13"
14 Qakland Inner Harbor 1/30/90 37°47'31" 122°17'36"
15 Qakland Inner Harbor 1/30/90 37°47°00" 122°15'40"
16 San Leandro Bay 1/30/90 37°45'15" 122°13'23"
17 Alameda Naval Base 3/12/90 37°46'06" 122°18'00"
18 off Alameda 3/13/90 37°44'58" 122°18'15"
19 off San Leandro 3/13/90 37°42'53" 122°17'13"
20 off India Basin 3/12/90 37°44'10" 122°20'36"
21 China Basin 3/12/90 37°46'42" 122°23'05"
22 China Basin 3/12/90 37°46'42" 122°23'05"
23 Islais Creek 3/12/90 . 37°44'51" 122°22'55"
24 Islais Creek - 3/12/90 37°44'56" 122°22'00"
25 India Basin 3/12/90 37°44'05" 122°22'10"
26 Hunters Peint 3/12/90 37°42'57" 122022'22"
27 Hunters Point 3/12/90 37°42'06" 122°21'35"
28 Sierra Point 3/13/90 37°40'06" 122°22'20"
29 Sierra Point 3/13/90 37°41'12" 122°19'17"
30 San Bruno 3/15/90 37°3825" 122°22'00"
31 San Bruno 3/13/90 37°38'25" 122°20°'00"
32 SFO airport 3/13/90 37°36'34" 122°20°22"
33 SFO/San Mateo 3/15/90 37°36'30" 122°17'52"
34 Coyote Point 3/15/90 37°35'49" 122°16'30"
35 Coyote Point 3/15/90 37°37'20" 122°14'45"
36 San Mateo 3/15/90 37°36'20" 122°14'30"
37 San Mateo 3/15/90 37°38'04" 122°12'47"
38 San Lorenzo 3/13/9%0 37°40'00" 122°15'45"
39 San Lorenzo 3/13/90 37°40'59" 122°14'06"
40 South Bay 1/4/90 37°34'50" 122°13'00"
41A-1, B, C* Redwood Creek 1/4/90 37°31'00" 122°12'25"
41A-2, A3 Redwoeod Creek 1/31/90 37°31'00" 122°12'25"
42A-1, B, C* Redwood Creek 1/4/90 37°31'58" 122°11'32"
42A-2, A3 Redwood Creek 1/31/90 37°31'58" 122°11'32"
43A-1, B, C*  South Bay 1/4/90 37°32'43" 122°10'05"
43A-2, A-3 South Bay 1/31/90 37°32'43" 122°10'05"
44 Coyote Creek 1/4/90 37°29'30" 122°06'17"
45 Coyote Creek 1/4/90 37°28'02" 122°03'37"

*Two of the individual replicate samples at station A within sites 3, 4, 41, 42, and 43 were
mistakenly collected during different sampling periods than the other samples.
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Sediment samples were collected from the research vessel Prophesy by use of a 316
stainless steel Gray-O'Hara 0.125 meter square box core. One deployment of the box core
at each station provided about 1 liter of sediment for all of the tests. Following retrieval of
the box core at each station, a teflon liner was inserted into the box core, the box core was
lifted away from the liner, and the upper 2 centimeters of sediment were removed with a
teflon-lined scoop. The samples were retained in pre-cleaned glass jars, capped with
teflon-lined lids, stored on ice, and transported each evening to the ToxScan, Inc.
laboratories. All samples were stored in a temperature-controlled room at 4° C for a period
not exceeding 10 days until testing was begun.

Between sampling sites, all sampling equipment was successively rinsed with clean
seawater, hexane, deionized water, acetone, deionized water and seawater to avoid cross
contamination of samples. The sampling equipment was rinsed with seawater only
between stations at each site.

The engine exhaust system on the stern of the sampling vessel was modified to avoid
contamination of the samples.

Positioning of the research vessel was accomplished by use of a Trimble Satellite
Global Positioning System (GPS). The accuracy of the GPS was £ 3 to 5 meters. Ateach
sampling site, the vessel was positioned at the specified coordinates and a marker buoy
dropped, designating the site center. The three stations at each site were located in a
triangular configuration 15 to 30 meters in radius around the site center.

Sediment Subsampling

Portions of each sample for the different tests were subsampled with a teflon spatula.
The spatula was rinsed with acetone and deionized water between samples. After
homogenization subsamples were apportioned for each test:

+ 180 grams weighed into 1-liter jars for the bivalve and echinoderm embryo tests;

* 30 grams weighed into 50-ml glass centrifuge tubes with teflon-lined screw caps
for the Microtox™ (saline extract) tests;

» 3.3 grams weighed into 50-ml glass centrifuge tubes with teflon-lined screw caps
for preparation of Microtox™ (organic extract) test;

» and 400 ml aliquots measured into 500 ml. teflon bottles and frozen at -20° C for
possible future chemical analyses. These aliquots were eventually transferred to the
San Francisco Bay Regional Water Quality Control Board for chemical analyses.

Bivalve Embryo Bioassay

Adult M. edulis were collected in Elkhorn Slough in Monterey County, California and
spawned. The fertilized embryos were exposed to elutriates prepared from the sediments.
The endpoints of survival, abnormal morphological development, and cytogenetic
abnormalities were quantified.

Elutriates were prepared by adding 180 grams (wet weight) of the samples to pre-
cleaned 1-liter jars and bringing the total volume in each jar up to 900 ml with filtered, UV-
treated seawater (EPAJACOE, 1977). The sediment-water mixtures were shaken
vigorously for 30 minutes and allowed to settle undisturbed for 1 to 3 hours until the
overlying supernatant was relatively clear. The supernatant was poured off and diluted 1:1
with clean seawater to provide the 50 percent solution to which the embryos were exposed.
Unacceptably high mortality and abnormal development in control sediments were
observed in pre-survey tests of the undiluted (100%) suspensions and not in the 50 percent
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diluted samples; therefore, the tests were performed with the diluted samples. The data
from the 1990 synoptic survey, therefore, are equivalent to those historical data evaluated
in chapter 2 as "50% diluted suspension."

Adult mussels were induced to spawn by high-temperature stimulation. Eggs and
sperm were collected in separate basins filled with acrated seawater at 25 C. Egg density
was determined by microscopically counting several 1-ml aliquots taken from the well-
mixed egg basin. Fertilization was confirmed by microscopic examination,

Mussel embryos were exposed to about 200 ml of elutriate in 250-ml glass dishes.
Aliquots of about 5,400 embryos were tested in each dish for an embryo density of about
27 per ml. Samples from each sampling station were tested without laboratory replication.

Following a 48-hour exposure, the contents of each dish were poured through a 45-
micron nytex screen. Surviving embryos were retained on the screen. The test dishes
were rinsed three times with seawater and each successive rinse was poured through the
screen to ensure complete transfer of embryos. The embryos were quantitatively
transferred from the screen into a graduated cylinder and the volume was adjusted with a
seawater-formalin mixture. Contents of the cylinder were mixed by inversion to ensure
uniform distribution of embryos, and a 1-ml aliquot was transferred to a Sedgwick-Rafter
counting slide for microscopic evaluation. Percent survival was determined as the quotient
of the final embryo density divided by the density in the respective batch seawater control
and multiplied by 100. The percent of the surviving embryos that appeared to be
morphologically normal was determined. Embryos were scored as normal if they
possessed a complete larval shell with a fully developed hinge (ASTM, 1980). A positive
control toxicant (CuSO4) was tested in a similar manner in 200-ml volumes of test
solution.

In addition to the usual biological endpoints of percent survival and percent normal
development, the percent of the embryos with cytogenetic abnormalities was determined by
Dr. Jo Ellen Hose (Occidental College). Cytogenetic endpoints had been determined in
sediment toxicity tests with echinoderm embryos (Long ef al., 1989) and an attempt was
made to determine if bivalve larvae responded similarly to echinoderm larvae when exposed
to sediments that may contain mutagenic compounds.

For the cytogenetic analyses, the embryos were stained with an aceto-orcein stain,
transferred to glass microscope slides, covered with cover slips, examined under oil
immersion with a microscope, and the number and type of mitotic aberrations observed
among 50 anaphase-telophase mitotic figures were noted following Hose (1985). The
number of embryos examined to yield 35 telophase figures also was recorded. Three
samples from each site and the Carr Inlet fontrol were tested with no laboratory replication.

Echinoderm Embryo Bioassay

Aliquots of the elutriates prepared for the bivalve embryo tests were also tested with
echinoderm embryos to determine the incidence of cytogenetic endpoints following the
methods of Hose (1985) and Long et al. (1990). The elutriates were not diluted to 50
percent as in the bivalve bioassays; rather, they were used full-strength.

Adult §. purpuratus were collected from intertidal areas near Davenport, California and
held for at least 3 months. They were induced to spawn by injection of 0.5 ml of 0.5 M
KCL. Fertilization was conducted with a sperm:egg ratio of 500:1. A density of about 30
embryos per ml of elutriate solution was used in the tests that were conducted in 200-ml
glass jars. The bioassays proceeded for 48 hours at 15°C, after which the embryos were
mixed to produce a uniform suspension in the test jars and 10 ml were removed. Buffered
formalin was added to kill and preserve the embryos. All test sites and Carr Inlet controls
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were tested in triplicate. The cytogenetic evaluations followed the procedures developed by
Dr. Jo Ellen Hose (Occidental College) as reported in Hose (1985) and Long et al. (1990).
Seven embryos were examined per sample for all mitotic figures and aberrations.

Microtox™ (Saline Extract) Bioassay

Sample extractions followed the protocols of Tetra Tech, Inc. and E.V.S. Consultants
(1986). Thirty-gram aliquots of each sample were placed in a 50-ml glass centrifuge tubes
and 10 ml of the Microtox™ diluent (2.0% NaCl w/v in double-distilled organic-free water)
was added. The solutions were briefly shaken manually, then placed on a rotary shaker
(100 rpm) for 24 hours in the dark at 4°C. Then the samples were centrifuged for 15
minutes at 5000 rpm and the supernatant poured off into clean 20-ml glass vial having
teflon-lined screw caps and stored at 4°C until testing began.

Each saline extract was subjected to a screening procedure in which the highest
concentration was initially tested (equivalent to 1500 mg sediment/ml extract); and, if no
reduction in light production was observed, further testing was not conducted on the
sample. The toxicity tests involved the following procedures:

e The freeze-dried bacteria Photobacterium phosphoreum were rehydrated with 1.0
ml of reconstitution solution, covered with parafilm, stored at 4°C, and tested
within 5 hours of rehydration;

50 and 0 percent dilutions of the sediment supernatant in Microtox™ diluent were
prepared, using the O percent dilution as a reagant blank needed to measure
spontaneous decay in bacterial luminescence independent of any treatment;

« 1In each test cuvette, 10 microliters of the rehydrated bacterial suspension were
added to 500 microliters of diluent and incubated for 15 minutes in one of the 15°C
wells on the Microtox™ analyzer and initial luminescence was measured;

» Atregular intervals, 500 microliter aliquots of each supernatant dilution were added
to one of the cuvettes;

» Exactly 5 and 15 minutes after addition of the sediment supernatants, luminescence
was measured at the same interval and in the same sequence used for supernatant
additions in the preceding step; and

o Percent decrease in luminescence was calculated relative to the reagant blank, using
the formula:

Percent decrease = (R, -I)/RIp)] X 100,

where: I = initial luminescence,
It = luminescence at the end of 15 minutes, and
R = blank ratio.

The blank ratio was calculated by: R = Bt/Bo,

where: — Bo = initial luminescence of the reagant blank, and
Bt = luminescence of the reagant blank after 15
minutes.

Phenol was tested at least daily as a standard reference toxicant. The chart below lists
the results of testing this chemical :

52



Date EC50 (mg/L) ' 95% confidence limits

1/10/90 15.5 12.7, 19.0
1/11/90 15.7 14.5, 17.1
1/11/90 18.7 164, 214
1/12/90 17.6 15.5, 20.0
2/3/%0 16.5 14.6, 18.7
2/4/90 19.2 17.1, 21.5
2/8/90 14.7 12.5, 17.3
3/19/90 23.2 22.8, 23.7
3/24/90 26.2 22.8, 30.1

Microtox™ (Organic Extract) Bioassays

The organic extract procedures also followed the basic protocols of Tetra Tech, Inc.
and E.V.S. Consultant, 1986. They involved the following steps:

*

The 3.3-gram sediment aliquots were placed into 50-ml Pyrex centrifuge tubes,
centrifuged for 5 minutes, and the water removed.

15 grams of sodium sulfate was added and mixed thoroughly; then, 30-ml
dichloromethane (DCM) was added and mixed.

The mixture was shaken for 10 seconds, vented, and tumbled overnight,
centrifuged 5 minutes, and poured into a 100-ml glass bottle.

The DCM extraction was repeated twice and the three extracts were combined in a
Kuderna-Danish flask and attached to a Snyder column and concentrated to a final
volume of <10 mL.

25-30 ml of undenatured ethanol were added and the extract concentrated againina
Snyder column at 100°C. Final extract volume was 10 mL,.

The freeze-dried bacteria were rehydrated with 1 ml of reconstitution solution,
covered with parafilm, stored at 4°C, and used within 5 hours of hydration.

The sediment extract was diluted 1:100 with Microtox™ diluent, resulting in a stock
solution for testing containing 1 percent ethanol, and equivalent to 3.3 mg of
sediment per ml of solution.

Serial dilutions of 50, 25, 12.5, 6.25, 3.13, 1.56, and 0 percent stock solution
were prepared (the 0% solution was the reagant blark).

In each of the seven cuvettes, 20 microliters of the rehydrated bacterial suspension
was added to 500 microliters of diluent containing ethanol and incubated for 15
minutes after which initial luminescence was measured.

At regular intervals, 500-microliter aliquots of each extract dilution were added to

one of the cuvettes, allowed to incubate for 5 minutes, after which the final
luminescence was measured. '

The percent decrease in luminescence relative to the reagant blank was calculated
using the same formula used for the saline extract tests.

The organic extracts of each sample were tested first with the highest test concentration.
Samples in which gamma values did not exceed 0.250 were not tested further since
previous experience had demonstrated that it was not possible to calculate an ECsp with
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these small gamma values. Those extracts which showed light reductions (gamma values
of >0.250) were tested with the dilution series listed above. In many cases, even ifa 50
percent light reduction was not achieved at the highest concentration tested, the Microtox™
software was able to extrapolate an ECsq value for the sample with reasonable confidence
limits. In some cases, however, no ECsg could be calculated and, where this occurred, the
ECsq was reported in Appendix B as >1.65 mg/ml.

Each dilution of each sample was tested without replication. The Microtox™ software
calculated the EC5g and 95 percent confidence limits, based upon closeness of the observed
data to the predicted regression line for the dilution series.

Phenol was tested at least daily as a reference toxicant for the tests. The following chart
summarizes the results: :

Date ECs0 (mg/L) 95% Confidence Limits
1/10/90 15.5 12.7, 19.0
1/11/90 15.7 14.5, 17.1
1/11/90 18.7 16.4, 21.4
1/12/90 17.6 15.5, 20.0
1/13/90 194 14.0, 26.7
2/8/90 14.7 12.5, 17.3
2/9/90 17.6 17.0, 18.1
2/10/90 : 15.3 14.5, 16.2
2/11/90 15.4 12.9, 18.5
2/12/90 19.7 . 16.7, 23.1
3/22/90 25.6 23.9, 27.5
3/23/90 20.2 17.2, 23.8
3/25/90 28.1 27.3, 289
3/28/90 24.0 20.3, 28.4

Statistical Analyses

The data from the three sampling periods were evaluated separately to identify sites that
were significantly different (more toxic) than the respective controls. Data from the
Microtox™ tests of the saline extracts were not statistically evaluated, since none of the
gamma values were sufficiently different (positive) from the blanks, therefore precluding
the calculation of ECsgs.

All of the data sets were tested for normality with a Lilliefors test, a variation of the
Kolmogorov-Smirnov test for normality (Wilkinson, 1989). Normal probability plots of
each data set for each sampling period were also prepared and examined. In the cases of
percent data, data were angular (arcsin) transformed before examination. The assumption
of normality was assumed to have been met if a data set tested as normal and appeared
normal when plotted. Variance homogeneity of the samples taken during the three
sampling periods was tested according to Bartlett's test (Sokal and Rohlf, 1981).

Whenever the appropriate assumptions of normality and homogeneity of the variances
of the underlying distributions appeared to have been met, parametric tests were used to
evaluate data from each sampling period. Measures of percent mussel survival and percent
abnormality, as well as urchin mitotic rate were analyzed using one-way parametric
analysis of variance (ANOVA). Because the site-to-control comparisons were planned as a
part of the study design, site means significantly different from control means were
identified by comparisons against the least significant difference calculated for each
sampling period (Steele and Torrie, 1980).
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In several data sets, variances appeared heterogeneous and/or the data set appeared not
to have a normal distribution. In these cases, the data were analyzed using the Kruskal-
Wallis nonparametric test (Wilkinson, 1989). Nonparametric multiple comparisons of site
means against control means were then made according to procedures described by Zar
[(1984), using Dunnett's q' as the critical value. Data sets analyzed in this manner included
results of assays of numbers of embryos with more than one cytologic abnormality and
more than one micronucleus in the urchin tests and mussel mitotic rate (numbers of
embryos per 35 telophases). The results of the Microtox™ tests of organic extracts were
analyzed using a chi-square test.

RESULTS

The data from each of the toxicity tests are listed in Appendix B for each
station and replicate. The results of testing the positive and negative controls
also are listed in Appendix B.

Mussel Embryo Survival and Abnormal Development

Tests of abnormal development and survival were performed with each of the 165
samples and the Carr Inlet controls. The arithmetic means and standard deviations for each
sampling site are summarized in Table 17. At those sites (numbers 3, 4, 41, 42, and 43) in
which the samples from one station at the site were collected during two different sampling
periods, the means were calculated only with the data collected during the same sampling
period; the data from the other sampling period were ignored. ‘At the other 10
sites (indicated with superscript b in Table 17) in which three samples were collected at one
of the stations, the mean value was calculated for the replicated station and that mean was
used along with the unreplicated data from the other two stations to determine the site
mean.

The data from the tests of the Carr Inlet control sediments indicated that the mussel
embryos performed relatively poorly in the period 2 tests. Mean percent survival was
relatively low (72.6%) and the percent abnormal development was relatively high (10.6%)
in the Control 2 sediments. In the seawater controls, mean survival in periods 1, 2, and 3
were very high (92.8%, 92.1%, and 88.8%, respectively). However, mean percent
abnormal development in seawater controls was relatively high in the second period (9.9%)
as compared to the first and third periods (1.6% and 3.3%, respectively),

Analyses of variance (ANOVA) indicated that among-site differences in mean percent
abnormal development were not significant in period 1 (either no abnormals or very few)
and period 3 (p =.206), but were highly significant in period 2 (p = 0.000). Mean percent
abnormal development was significantly higher (o = 0.05) than respective sediment
controls in only four sites (Figure 14): :

+ Site 1 (San Pablo Bay).
* Site 13 (off the Alameda NAS).
* Site 15 (upper Oakland Inner Harbor).

+ Site 16 (San Leandro Bay).
All four of these sites were tested in the second period, during which the embryos

performed relatively poorly in the controls. Among these four sites, site 15 was most toxic
as indicated by the highest incidence of abnormal development.
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ANOVA indicated that among-site differences in mean survival were not significant in
period 1 (p =0.066) and period 2 (p =0.86), but were significant in period 3 (p =0.009).
Mean percent survival was significantly lower (o= 0.05) than respective sediment controls
at only five sites (Figure 14): Sites 30 (off San Bruno); 32 (southeast of San Francisco
Airport); 33 (off Coyote Point, southeast of San Francisco Airport); 38 (off San Lorenzo);
and 39 (off San Lorenzo-San Leandro Marina). Among these five sites, sites 32 and 38
were most toxic, as indicated by this endpoint. All five sites were tested during the third
period.

Mean survival in many of the samples was higher than that in the controls; therefore,
percent survival was indicated as greater than 100 percent for some sites in Table 17.
Survival was determined by dividing the numbers of survivors in the test samples by the
numbers of survivors in the seawater controls. If the numbers of survivors in the test
samples were greater than those in the controls, the percent survival appeared as greater
than 100 percent.
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Table 17.

Average (+ standard deviation) percent survival and abnormal
development in M. edulis larvae exposed to suspended sediments
from 45 sites in San Francisco Bay.
the test results were significantly

respective controls (¢ = 0.05).

* An asterisk indicates that
different (more foxic) than
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Table 17 (continued)

Sampling Period Site Number Percent Survival @ Percent Abnormal

3 31b 929+92 " 84+50
3 32 81.9 + 19.7* 6.5+ 1.0
3 33 88.2 + 12.4% 96+25
3 34 127.0 £ 19.6 73+26
3 35 1152 + 18.2 109 +£2.6
3 36 108.3 £ 2.4 39+ 1.0
3 37 112.1 * 16.0 7.0+ 2.1
3 38 81.4 + 19.9% 7.8 +5.6
3 39 88.2 + 10.1* 7.0 + 3.8
Carr Inlet
3 +59 6.8+ 1.8

Control 3 113.0

4 Percent survival relative to mean seawater control data.

b Three samples were collected at one of the stations and the station mean was used to
determine the site mean.

Some of the regions sampled in the 1990 synoptic survey had been sampled previously
in the historical studies summarized in chapter 2 (Table 6) and tested with bivalve larvae
exposed to 50 percent dilutions, i.e., the same methods used in the 1990 survey. The
following chart shows that in some of these areas there was very good agreement between
the previous results and the 1990 results;

Geographic Average percent abnormality among bivalve larvae
Area Historical surveys 1990 survey
San Pablo Bay 19.5+ 19, n=4 17.4 £ 2.0, n=3
Central Bay 2.7, n=1 0.1 0.2, n=15
QOakland Inner Harbor 16.9 = 22.7, n=24 16.0 £ 4.0, n=6
Qakland Outer Harbor 14.3 + 25.2, n=14 12.7 £ 1.4, n=3
Alameda Naval Base 4.0, n=1 5727 n=3

In some other regions, the agreement was relatively poor between the historical data and
the 1990 data as the following chart shows: ‘

Geographic Average percent abnormality among bivalve larvae
Area Historical surveys 1990 survey
South Bay, southern part 47.2, n=1 0.2 £0.2, n=6
Richmond Harbor 21.0 + 16.3, n=13 46+16,n=9
Redwood Creek 16.8 £ 21.8, n= 0.0 £ 0.0, n=6
Port of San Francisco 147 £ 22.6, n=20 54 + 0.3, n=6

Cytogenetic Effects in Mussel Embryos

An attempt was made to determine cytogenetic endpoints in mussel embryos similar to
those that have been previously quantified in urchin embryos (Hose, 1985; Long et al.,
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1990). Samples from 15 of the 45 sites were selected for the tests, expecting that these
samples would represent a gradient in toxicant concentrations. The objectives of this test
were (1) to determine the feasibility and sensitivity of this endpoint in mussel embryos and
(2) to identify patterns in toxicity, if any. Based upon previous studies, sites 2, 3, 14, 15,
23, and 41 were expected to be the most highly contaminated; sites 4, 13, 21, 24, 42, and
43 were expected to be moderately contaminated; and sites 1, 19, and 31 were expected to
be least contaminated as were the control sediments from Carr Inlet.

Results of the cytogenetic examinations of the mussel embryos exposed to sediments
from 15 of the sites are summarized in Table 18. Data for three cytogenetic endpoints are
presented as averages of the three samples tested per site: (1) the number of embryos
examined to find 35 cells that were in telophase, an estimate of the mitotic activity of the
embryos; (2) percent of the telophases that were aberrant; and (3) the number of normal
telophases observed per embryo. Based upon the results of each of the endpoints, each site
was ranked (where a rank of 1 indicates highest toxicity).

Table 18. Average results (* standard deviation for three samples per
site) of cytogenetic analyses of mussel larvae (M. edulis)
exposed to suspended sediments from 15 sites. The numbers
in parentheses are site ranks based upon average results for
each site.

Sampling Site Embryos per Percent Aberrant Normal Telophases
Period Number 35 Telophases Telophases - per Embryo

1 3 123£25  (10) 500 £ 10.0*™ (3) 0156 £.03¢ (9)
1 4 123£28  (10) 283+143* (15) 0.177+.038  (10)
1 41 158£93 (7) 46.0 £5.3* (4) 0.120+.005 (6)
1 42 89+16 (13) 314+ 131 (100 0.278 = 018 (14)
1 43 691 (15 419 £ 4.4  (6) 0.295+.027 (15
Control 1 92+9 95+t44 0.346 + .034

2 13 232+79%  (2) 41.7 £ 10.5* (8) 0.097 £.041  (3)
2 14 73 £9 (14} 534 £ 8.3* (2) 0230+.063 (13)
2 1 130219 (9) 227239 14) 0216+ .030 (12)
2 2 122421 (12) 32.3 £14.5%* (9) 0.201 £.066 (11)
2 15 172+21 (5} 45.6 + 4.6 (5) 0.111x.005  (5)
Control 2 95112 8.6+29 0.342 £+ .050

3 19 133+11 (8 59679 (1) 0106 £.013 (4
3 21 311 £ 115+ (n 30.1+88* (11D 0.089+.042 (1)
3 23 230 £ 44* (3) 41.8 £ 11.5* (7} 0.092+.030 (2)
3 24 171£8  (6) 271 9.1 (12)  0150+.022  (8)
3 3 175+8 (4} 264 £2.6™ (13) 0.147+£.009 (7)
Control 3 83t6 48+3.3 0.404 + .022

*Significantly different from respective sediment controls at o = 0.05.
**Significantly different from respective sediment controls at o = 0.01.
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The three tests of the Carr Inlet control sediment indicated arithmetic averages of 92,
95, and 83 embryos per 35 telophases. High values are indicative of a toxic response, i.e.,
more embryos had to be counted in order to find 35 cells in telophase. Nonparametric
Kruskal-Wallis one-way ANOVA indicated that results were significantly different in
sampling periods 2 and 3, but not in period 1. Results were significant (¢ = 0.03) in
embryos exposed to sediment from sites 13 (off Alameda), 21 (China Basin),.and 23
(Islais Creek). Also, results for site 21 were significant at the 0.01 level.

Control sediments caused 9.5, 8.6, and 4.8 percent aberrant telophases. Variability
among sites for this endpoint were highly significant during all three sampling periods (p =
0.00 to 0.001). Mean percent aberrant telophases in embryos exposed to sediments from
all 15 sites were significantly higher than control (o= 0.05) means. Also, the results were
significant at o = 0.01 for all of the sites, except sites 1, 4, and 42. The mean percent
aberrant telophases were highest in embryos exposed to sediments from sites 3, 14, 19,
and 41 which were located in Inner Richmond Harbor, Oakland Inner Harbor, northern
part of South Bay, and Redwood Creek, respectively.

Embryos exposed to the three control sediments had 0.346, 0.342, and 0.404 normal
telephases per embryo, all of which were greater than the results with the samples from the
15 San Francisco Bay sites. The numbers of normal telophases per embryo were lowest in
embryos exposed to sediments from sites 13, 15, 19, 21, 23, and 41 located off Alameda,
in Oakland Inner Harbor, northern Central Bay, China Basin, Islais Creek, and Redwood
Creek, respectively. Since this endpoint was the reciprocal of the percent aberrant
telophase endpoint, no statistical treatment of the data was conducted.

Sediments from all 15 sites were significantly toxic to at least one of the endpoints in
these tests (Figure 15). Sediments from sites 13 (off Alameda), 21 (China Basin), and 23
(Islais Creek) caused significant decreases in mitotic activity, highly significant increases in
percent aberrant telophases, and relatively low numbers of normal telophases per embryo;
therefore, they appear to have been most toxic to these endpoints. Overall, sediments from
sites 1, 4, and 42 appear to have been among the least toxic.
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Figure 15. Sampling sites in which significant cytogenetic effects were observed in mussel
embryos (M. edulis).
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Cytogenetic Effects in Urchin Embryos

To provide a basis for comparison of the results of the cytogenetic endpoints in the
mussel embryo tests, similar endpoints were quantified in the urchin embryos, using
methods that had been used previously (Hose, 1985; Long er al., 1990). As in the mussel
embryo cytogenetic tests, these tests also were performed with sediments from 15 of the
sites. The 15 sites were the same as those tested with the mussel embryos.

Table 19 summarizes the results of four cytogenetic endpoints: (a) number of mitoses
per embryo, an indicator of mitotic rate; (b) percent incidence of aberrant telophases; (c)
number of embryos with more than one micronucleus; and (d) number of embryos with
more than one cytologic abnormality. The incidence of abnormal cytologic disorders
generally was lower in embryos exposed to the controls than in the embryos exposed to the
15 San Francisco Bay samples.

The arithmetic averages of the mitotic activities in the embryos exposed to the controls
were 10.4, 10.9, and 11.7 (Table 19). Variability among sites for this endpoint was highly
significant during all three sampling periods (p = 0.001 to 0.021). Mitotic activity was
significantly lower (o = 0.05) in embryos exposed to sediments from 9 of the 15 sites.
These sites were located in Richmond Harbor, off Alameda, Qakland Inner Harbor, Islais
Creek, and Redwood Creek. At the 0.01 level of significance, the results were lower in
embryos exposed to sediments from sites 23 (Islais Creek) and 42 (Redwood Creek).

The average percent incidences of aberrant telophases in embryos exposed to the
controls were 6.9, 7.7, and 8.0. Average percent incidences of aberrant telophases were
highest in embryos exposed to sediments from sites 19, 24, 21, 15, and 14 located in
northern South Bay, off Islais Creek, China Basin, upper Oakland Inner Harbor, and
lower Oakland Inner Harbor, respectively. ANOVA indicated that variability among sites
was highly significant during each sampling period (p = 0.00 to 0.003). Sediments from
all but sites 1 (San Pablo Bay) and 4 (Outer Richmond Harbor) were significantly different
(more toxic) from the control sediments (o = 0.05). Also, results for sites 14, 15, 19, and
24 were significant at o = 0.01.

None of the embryos exposed to the controls had more than one micronucleus. Non-
transformed data were analyzed in a non-parametric Kruskal-Wallis one-way ANOVA to
determine if any variability among sites was significant, then non-parametric multiple
comparisons of site means against control means were used to identify sites with significant
differences from the controls (Zar, 1984). Significant variability in the data were observed
in only the first and third sampling periods. Embryos exposed to sediments from sites 3,
19, 21 and 24 had significantly higher incidences of micronuclei than the respective
controls (o= 0.05). Also, the results for sites 19 and 21 were significant at the 0.01 level,

The cytological abribrmality data were analyzed with a non-parametric, Kruskal-Wallis
one-way ANOVA. Variability among sites was not significant for any of the three
sampling periods (p= 0.208 to (.257). Therefore, none of the samples had incidences of
cytological abnormalities that were significantly higher than the respective controls. The
arithmetic averages of cytological abnormalities were highest in embryos exposed to
samples from sites 19 (off San Leandro) and 21 (China Basin).

The endpoint of percent aberrant telophases was most sensitive of the four that were
measured; 13 of 15 sites were determined to be significantly different from controls at o=
0.05; and 4 of 15 were significant at o = 0.01. The cytological abnormality endpoint was
least sensitive; none of the results were identified as significantly different from controls.
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All of the 15 sites except one (site 1) were significantly toxic to at least one of the sea
urchin endpoints (Figure 16). Based upon the cumulative evidence from all four
cytogenetic/cytologic endpoints in the sea urchin embryos, it appears that sediments from
sites 19 (northern South Bay), 21 (China Basin), and 24 (off Islais Creek) generally were
most toxic. Embryos exposed to these sediments had significant toxicological results in
three of the four endpoints, the results for at least one endpoint were significant at the 0.01
level, and the arithmetic averages often ranked these sites among the most toxic. Sites with
moderate toxicity were:

+ Site 3 (Richmond Harbor).
+ Sites 14 and 15 (both Oakland Inner Harbor).
+ Site 42 (Redwood Creek).
Sites with slight toxicity were:
+ Sites 2 and 4 (Richmond Harbor).
» Site 13 (off the Alameda NAS).
+  Site 23 (Islais Creek).
+ Site 31 (off San Bruno).
+ Site 41 (Redwood Creek).
+ Site 43 (southern South Bay).

Based upon all the data from the cytological/cytogenetic analyses of sea urchin larvae, it
appears that site 1 was the least toxic; none of the results were significantly different from
controls.

Microtox™ Bioassay of Saline Extracts

A toxic chemical assayed by the Microtox™ test system is characterized by a dose
response curve in which increasing doses of toxicity produce decreasing levels of light
production by the bioluminescent bacteria. In terms of the observed gamma values, higher
toxicity is correlated with higher gammas. In the tests of the saline extracts of the 165
samples from San Francisco Bay, all gamma values were negative. That is, the sediment
extracts enhanced, rather than reduced, the light production. Therefore, all saline extracts
were characterized as nontoxic (NT) in Appendix B and no further analyses of the data
were performed.

Microtox™ Bioassay of Organic Extracts

Data for individual samples listed in Appendix B are summarized as averages for each
site in Table 20. Both the average gamma values (the reductions in light production) and
the average ECsgs (the sediment concentrations at which a 50 percent light reduction in
luminescence occurred) are listed for each site. Large gamma values and small ECs5qs are
indicative of toxicity in this test. .

The smallest ECsgs occurred in tests of sediments from sites 1, 16, 22,23 and 42
located in San Pablo Bay, San Leandro Bay, off Islais Creek, in Islais Creek, and in South
Bay off Redwood Creek, respectively. Qut of the 45 sites tested, 26 were determined to be
not toxic because the gamma values were very small and, therefore, ECsgs could not be
calculated. None of the mean results for any of the remaining 19 sites were: significantly
different from the controls, as determined in chi-square tests (o = 0.05).
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San Pablo Bay |

Figure 16. Sampling sites in which significant cytogenetic effects were observed in urchin
embryos (S. purpuratus).
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Table 20. Average (t standard deviation) gamma values and ECs¢ concen—
trations for 5-minute Microtox™ tests of organmic extracts of
sediments from 45 sites (three or five samples per site) in San
Francisco Bay.

Site Number Gamma Values ECs50 Concentrations

12 4.226 + 4.087 0.98 + 0.66
2a 0.631 + 0.301 2.64 + 1.14
3a 0.125 + 0.062 NT®

4a 0.050 £ 0.056 NT

5 0.178 + 0.159 NT

6 0.147 % 0.100 NT

7 0.072 £ 0.056 NT

8 0.082 + 0.083 NT

9 0.142 + 0.202 NT

10 0.043 + 0.020 NT

11 0.114 + 0.035 NT

12 0.128 + 0.005 NT

132 0.670 + 0.932 3.16 + 3.07
143 0.184 + 0.082 2.34 + 1.55
152 0.410 + 0.161 2.49 + (.86
16 3.760 + 3.532 0.80 + 0.32
17 0.341 +0.114 5.25 +3.21
18 0.105 + 0.076 NT¢

192 0.126 + 0.108 NT

20 0.426 + 0.129 2.82 +0.77
212 0.621 + 0.402 3.14 + 1.37
22 8.077 % 6.671 1.00 £ 1.38
23a 13.622 + 3.547 0.41 + 0.14
242 0.801 + 1.071 1.97 + 0.80
25 0.472 + 0.087 3.14 + 1.05
26 0.124 + 0.036 NT

27 0.385 + 0.145 4.63 £2.39
28 0.168 + 0.027 NT

29 0.264 + 0.244 NT

30 0.104 + 0.006 NT

31a 0125 + 0.047 NT

32 0.182 + 0.025 NT

33 0.168 + 0.057 NT

34 0.176 + 0.060 NT

35 0.236 £ 0.200 NT

36 0.185 + 0.004 NT

37 0.210 + 0.055 NT

38 0.138 + 0.036 NT

39 0.139 + 0.085 4.19 £ 2.61
40 0.607 £ 0.372 2.11 % 0.80
412 1.266 + 1.534 1.51 £ 0.46
422 9.724 + 9,080 1.01 £ 0.90
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Table 20. Continued.

Site Number Gamma Values ECs( Concentrations
43a 0.050 £ 0.064 NT.
44 0.026 £ 0.019 NT
45 8.770 £ 8.950 0.89 £ 0.68
Control 12 0.046 £ 0.009 NT
Control 22 1.682 £ 0.327 1.24 £0.22
Control 32 0.182 % 0.005 >1.65

a Averages were calculated based upon five samples collected at the site.

b ECsq values of 1.65 were used to calculate averages for sites in which one or more of the
samples were not toxic at sediment concentrations of 1.65 mg/ml or more.

¢ NT indicates that an ECsg could not be calculated in two or more samples because they
were not toxic. :

SUMMARY

The sites listed in Table 21 were indicated as toxic by one or more of the 10
independent toxicological endpoints. If any one of the different cytological and cytogenetic
endpoints in the embryo tests were significantly toxic, an "X" was entered under the
umbrella categories of "Urchin Cytological/Cytogenetic" or "Mussel Cytological.” Also, if
the cytological/cytogenetic results were significant at the 0.01 level or most of the endpoints
were significant at the 0.05 level, two Xs were entered in the column. The cytological
endpoints were measured in sediments from only 15 of the 45 sites; all 15 of these sites are
included in Table 15. None of the results from the Microtox™ tests were significant; a
"<1" indicates that the mean ECsq for the site was relatively low, i.e., 1.00 or less (an
arbitrarily selected value). :

Clearly, most of the sites listed in Table 21 were indicated as significantly toxic by the
embryo cytological/cytogenetic endpoints. There was remarkably good agreement between
the cytogenetic results from both of the larval tests. Only 9 sites out of the 45 were
determined to be significantly toxic by the mussel larvae survival or abnormal development
endpoints. None were toxic to the Microtox™ test.

If only the mussel larvae survival, abnormal development, and Microtox™ data were
used to judge the extent of toxicity among the 45 sites in San Francisco Bay, it would
appear that toxicity was relatively low. However, the mussel larvae tests were performed
with 50 percent dilutions of the sediment suspensions; and therefore, may have
underestimated toxicity in some cases. In the historical data reviewed in chapter 2,
considerably fewer sites were identified as toxic in tests performed with the 50 percent
dilutions than in those performed with undiluted suspensions. Also, there were
considerable differences in the performance of the mussel embryos among the three batches
of samples tested. Some of the apparent "toxicity” evident in the samples tested in the
second batch may have been attributable to the poorer condition of the larvae used in those
tests. In addition, because of the relatively low doses used, the Microtox™ tests may have
underestimated toxicity also.
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Among the 23 sites listed in Table 21, significant results were observed in the three
endpoint categories of (1) mussel larvae survival or abnormal development, (2) urchin
cytological/ cytogenetic, and (3) mussel cytological effects in sediments from only two
sites:

» Site 13 (off the Alameda NAS)
» Site 15 (Oakland Inner Harbor)

Table 21. Sampling sites and their location in San Francisco Bay that were
indicated as toxic in one or more of the toxicity tests.

Mussel Urchin
Site Mussel  Abnormal Microtox Cytological/ Mussel
1 San Pablo Bay - X <1 - X
2 Richmond Harbor - - - X X
3 Richmond Harbor - - - XX X
4 Richmond Harbor - - - X X
13  off Alameda - X - X X
14  Oakland Inner - - - XX X
15 OQakland Harbor - X - XX X
16 SanLeandroBay - X <1
19  off San Leandro - - - XX X
21 China Basin - - - XX XX
22  China Basin - <1
23  Islais Creek - - <] X XX
24  Islais Creek - - - XX X
30 off San Bruno X - -
31 off San Bruno - - - X X
32  off SFO airport X - - -
33  off Coyote Pt. X - - -
38 off San Lorenzo X - - -
39 off San Lorenzo X - - -
41 Redwood Creek - - - X X
42 Redwood Creek - - - XX X
43 South Bay - - - X X
45 Coyote Creeck - - <1

- Indicates that the test was performed, but results were not significantly different from
controls. A blank cell indicates that the test was not performed with sediments from that site.

X indicates that the results of the toxicity test were significantly different (more toxic) from
respective controls at the 0.05 significance level,

XX under the cytological/cytogenetic categories indicates the results were significant at the
0.01 significance level in at least one endpoint or significant at the 0.05 level in most of the
individual endpoints. None of the results of the Microtox™ organic tests were significant;
"<1" indicates that the mean EC5p was 1.00 or less.
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Based upon previous studies, some of the peripheral sites were expected to be highly
toxic in these tests. Sites located in or near inner Richmond Harbor, Oakland Outer
Harbor, Oakland Inner Harbor, San Leandro Bay, Alameda Naval Base, China Basin,
India Basin, Hunters Point, Islais Creek waterway, Coyote Creek, and Redwood Creek
were expected to be the most toxic. All of these areas had either been tested and found to
be toxic in previous research or had been determined to be relatively highly contaminated.
All are peripheral areas very near multiple sources of contaminants. In the present survey,
the data collected indicated that samples from Richmond Harbor, Oakland Inner Harbor,
San Leandro Bay, China Basin, Islais Creek, Coyote Creek, and Redwood Creek were
identified as toxic in one or more of the tests as was expected. Unexpectedly, samples
from the Oakland Outer Harbor, Alameda Naval Base, India Basin, and Hunters Point
were not toxic.

Sites located in or near outer Richmond Harbor, Point Isabel, Emeryville, Alameda
NAS, the South San Francisco/San Bruno/SFO Airport/San Mateo shore of South Bay, off
San Lorenzo were expected to be moderately toxic, based upon previous studies. In the
present survey, samples collected in or near outer Richmond Harbor (site 4), San Bruno,
SFO Airport, and San Lorenzo were toxic in one or more of the tests as was expected.
However, unexpectedly, a number of sites that were expected to be moderately toxic were
not identified as such in the present tests. These sites included those in or near outer
Richmond Harbor (site 5), Point Isabel, Emeryville, Sierra Point near San Bruno, and
Coyote Point near San Mateo.

Site 1 located in southwestern San Pablo Bay; sites 7 and 9 located off Berkeley; site 11
northwest of Treasure Island; sites 18, 19, 20 and 22 in northern South Bay; and sites 29,
31, 33, 35, 36, 37, 40, and 44 located in South Bay were expected to be least toxic or not
toxic based upon prévious studies. Among these sites, sediments from sites 7, 9, 11, 18,
20, 22, 29, 33, 35, 36, 37, 40, and 44 were not toxic in the present tests as was expected.
Unexpectedly, sediments from sites 1, 19, and 31 were toxic to one or more endpoints.

In summary, despite the use of relatively diluted samples, toxicity was indicated by all
the tests. Tests of development and survival, together, in mussel larvae identified 9 of 45
sites as significantly toxic. Tests with cytological and cytogenetic end-points, in mussel
and sea urchin larvae, together, identified 15 of 15 samples as significantly toxic. Tests
with bioluminescent bacteria identified five sites as relatively toxic. Toxic sediments were
collected in both peripheral harbors and basins of the estuary. The prevalence of toxicity
was lower than indicated in historical tests with less diluted samples.
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CHAPTER 4

OTHER MEASURES OF BIOLOGICAL EFFECTS
ASSOCIATED WITH TOXICANTS.

INTRODUCTION

A number of studies have been performed in San Francisco Bay in which different
types of bioeffects have been measured by many investigators. None of these studies were
performed with the purpose of characterizing baywide patterns in effects. None, alone,
were performed with a sufficiently dense sampling scheme to allow the determination of
baywide patterns. All were performed with either fish or water. Since fish are highly
mobile and water is very transient, spatial patterns in results cannot be identified with very
high spatial resolution. However, the data from the disparate studies are valuable, since
they indicate the types and severity of bioeffects associated with toxicants in the estuary.

Since many of these measures of effects have been documented very well by the
Tespective investigators and in previous summary reports (Davis et al., 1990; Long et al.,
1988; Phillips, 1987), this chapter will only briefly summarize the information reported on
the types of effects that were observed. Documents cited below should be examined for the
detailed results of the individual studies.

Mixed-function Oxygenase Induction and Impaired Reproductive Success
in Starry Flounder

Studies of organic chemical concentrations in tissues, induction of mixed-function
oxygenase (MFO) enzymatic activity in liver tissues, and observations of impaired
reproductive success in the starry flounder (P. stellatus) were conducted in San Francisco
Bay in the 1980s (Spies er al., 1988; Spies and Rice, 1988; Spies et al., 1985). Brief
summaries of the large amount of data generated during these studies have been published
(Spies et al., 1990; Davis et al., 1990; Long et al., 1988). .

Very briefly, these studies identified correlations between elevated concentrations of
chlorinated hydrocarbons in the tissues of the fish, the elevated induction of an enzymatic
defense mechanism (MFO activity), and reduced reproductive success among females that
were spawned. These three responses were most apparent in fish that were collected in the
central bay off the Berkeley/Emeryville/Oakland shore. Fish collected in San Pablo Bay
generally had lower chemical concentrations, lower MFO activities, and hi gher
reproductive success.

These data and the statistical correlations among them did not establish a cause and
effect relationship. However, they collectively provided strong evidence that the fish from
the central bay had accumulated chlorinated hydrocarbons, that defense mechanisms known
to be responsive to these types of chemicals had been induced, and that fish that had the
highest exposures had the lowest reproductive success.

In subsequent analyses of starry flounder, Spies et al. (1990) and Long and Buchman
(1989; 1990) demonstrated that fish caught in San Francisco Bay near Berkeley, Vallejo,
and Oakland generally had higher levels of MFO induction than those collected in the
mouth of the Russian River along the northern California coast, Also, these same fish
generally had higher ethoxyresorufin-o-deethylase (EROD) activity and cytochrome P-
450E enzyme content in liver tissues, again, indicating that their defense mechanisms had
been induced following exposure to hydrocarbons.
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Enzyme Activity in Staghorn Sculpin Liver Tissue.

A study of seven sites in the San Francisco Bay estuary and one site in Tomales Bay
was conducted in 1988 following a large oil spill at Martinez (Spies, 1989b). In that study,
staghorn sculpin (L. armatus) were collected at each site and the livers were analyzed to
determine aryl hydrocarbon hydroxylase (AHH) activity and EROD activity. These two
analyses were used as indicators that the fish collected in June and July of 1988 had been
exposed to the oil spilled in April 1988. Several sites in the lower Suisun Bay/Carquinez
Narrows area were sampled, including two very near the site of the spill. In addition, a site
near the oil refineries at Castro Cove in the Richmond area was sampled. Finally, fish

. were collected at a site in Tomales Bay, an embayment presumed to be pristine.

The mean AHH activities in the fish from all seven San Francisco Bay estuary sites,
including those not apparently influenced by the spill, were significantly higher than the
mean activity in the fish from Tomales Bay. The arithmetic mean AHH and EROD
activities in the fish from the site near Castro Cove that was not influenced by the spill were
about § times higher than the means for the Tomales Bay fish.

These biomarkers were presumed to remain elevated as long as the fish were exposed
to petroleum hydrocarbons, and then diminish as the concentrations gradually decreased
(Spies, 1989b). Both of these biomarkers were elevated in fish collected 2 months
following the spill at sites influenced by the spilled oil. However, the observation that the
samples collected near Castro Cove, some distance from the spill site, had very high
enzyme induction levels suggests that these fish had been exposed to persistent sources of
hydrocarbons.

Histopathological Disorders Among Bottom-Dwelling Fish

Data from observations of histopathological disorders in fish collected from San
Francisco Bay as a part of the NS&T Program have been published by NOAA (1987) and
Varanasi ef al. (1988). Summaries of some of these and other data were prepared by Davis
et al. (1990) and Long et al. (1988). Observations of skin tumors in English sole
(Parophrys vetulus) reported by several investigators in the 1960s and 1970s were
summarized in Long et al. (1988).

In a summary of results of their analyses of histopathological disorders in bottom fish
sampled during 1984-86 along the Pacific Coast, Varanasi et al. (1988) reported that
kidney lesions were significantly elevated in starry flounders collected near Hunters Point
and at Southhampton Shoals near Richmond. For example, 38 percent of the fish from the
Southhampton Shoals site had sclerotic (hardened) lesions of the kidney, as compared to
prevalences of about 17 percent at the Hunters Point site and less than 15 percent at the
Bodega Bay site. The prevalences of proliferative (growth-related), necrotic (cell death),
and sclerotic lesions in kidneys generally were lower in starry flounder collected in San
Pablo Bay, Bodega Bay, and Coos Bay, Oregon than in those collected at the Hunters
Point and Southhampton Shoals sites. The prevalences of liver lesions generally were low
in starry flounder at all sites along the Pacific coast, including the sites sampled in San
Francisco Bay. Liver neoplasms in starry flounder collected in 1984 at the San Pablo Bay
angSSouthhampton Shoals sites were reported by NOAA (1987), but not by Varanasi et al.
(1988).

The prevalences of lesions in white croaker (Genyonemus lineatus) collected in 1984-.
87 in San Francisco Bay also were reported by Varanasi et al. (1988). As compared to the
white croaker from some of the Southem California sites and the English sole and flathead
sole (Hippoglossoides elassodon) from Puget Sound sites, the prevalences of kidney
lesions in San Francisco Bay fish generally were low (less than 5%). An exception, about
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10 percent of the white croaker collected at a site near Oakland had proliferative lesions of
the kidney, roughly equivalent to the prevalence of these lesions in En glish sole from Elliott
Bay and flathead sole from Commencement Bay in Puget Sound. Generally, less than 5
percent of the white croaker sampled in San Francisco Bay had any of the individual liver
lesions quantified by Varanasi et al. (1988). Carrasco et al. (1990) reported prevalences of
a number of idiopathic liver lesions in white croaker collected as a part of the NS&T
Program in 1987. One or more of a lengthy list of liver lesions occurred in 40 percent of
the fish collected in the Oakland estuary, as compared to prevalences of 6.7 percent in fish
from both Hunters Point and Redwood City, and 0.0 percent in fish from Bodega Bay.

Micronuclei in Peripheral Erythrocytes of Fish

Long and Buchman (1989; 1990) reported up to a 24-fold elevation in the mean
incidence of micronuclei in peripheral erythrocytes (blood cell s) of starry flounder collected
off Berkeley compared to those collected in the mouth of the Russian River. The incidence
of this cytological disorder was significantly elevated in fish collected at sites in San Pablo
Bay, off Vallejo, and off Berkeley compared to the Russian River fish. This pattern of
higher incidences of micronuclei in fish from urban areas than in fish from rural areas also
has been reported in a number of other studies performed elsewhere (see Long and
Buchman, 1989). However, Carrasco et al. (1990) reported a very poor correspondence in
micronuclei prevalence and both chemical levels in the tissues and prevalence of idiopathic
liver lesions in white croaker sampled at sites ranging from Bodega Bay and San Francisco
Bay to Los Angeles Harbor and San Diego Bay. The arithmetic mean prevalences reported
for white croaker in San Francisco Bay (Carrasco et al., 1990) were about an order of
magnitude lower than the incidences reported for the starry flounder from the bay (Long
and Buchman, 1989). Moreover, the prevalence of micronuclei in white croaker was lower
in fish from the Oakland estuary, off Redwood City, and off Hunters Point than in those
from Bodega Bay (Carrasco et al., 1990).

Scope for Growth in Mussels

Resident mussels (M. edulis) collected at five locations in San Francisco Bay and a
location in Tomales Bay indicated a strong gradient in Scope for Growth (SFG), a
physiological measure of stress in these animals (Martin ef al., 1984). SFG has been
demonstrated in a number of studies to decrease in animals stressed by environmental
factors, including exposure to toxicants. Mussels collected in Redwood Creek had the
lowest SFG and this measure gradually increased northward to locations near the San
Mateo Bridge, off Hunters Point, off Treasure Island, at Fort Baker and in Tomales Bay.
The results from Redwood Creek, San Mateo Bridge, and Hunters Point sites were
significantly different (lower) from those from Tomales Bay. The SFG data corresponded
to a gradient in a number of chemical contaminants, including several hydrocarbons. The
sites with the highest chemical concentrations had the lowest SFG.

Ambient Toxicity of Water

Samples of water from 12 background locations scattered throughout the three basins
of the estuary were collected quarterly for a year and tested for toxicity by Anderson et al.
(1990). Four samples were collected in the Suisun Bay/Grizzly Bay area, four were
collected in the Pinole Shoal/Richmond area, and four were collected in the South Bay. A
battery of toxicity tests was used, including a test of the fertilization success of either sand
dollar or sea urchin sperm cells exposed to the water samples. Among the tests performed,
that with the sea urchin or sand dollar sperm cells was most sensitive.
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During the first survey (April 1989) all 12 background samples were toxic to the sea
urchin sperm cells. During the second survey (August 1989) only the four samples from
South Bay were toxic to sand dollar sperm cells. In the third and fourth surveys
(December 1989 and April 1990, respectively), some samples from all three areas were
toxic to sea urchin sperm cells.

Water samples also were collected once in five marshes and tested for toxicity. Five
samples were collected in the San Francisco Bay National Wildlife Refuge adjacent to the
southern end of South Bay. Three of the five samples were toxic to sea urchin sperm cells.
In July 1989, five samples from the Hayward Marsh were tested: two were toxic to sea
urchin sperm cells and three were toxic to silverside minnows. In a second survey
(November 1989), seven of eight samples from Hayward Marsh were toxic to sea urchin
sperm cells and silverside minnows.

Nine samples from the Mountain View Sanitary District marsh located near Carquinez
were tested; three were toxic to the sea urchin sperm cells and one was toxic to silverside
minnows. Eight samples from the marshes adjacent to the Sunnyvale Wastewater
Treatment Plant were tested; seven were toxic to sea urchin sperm cells. None of the 10
samples from the marshes adjacent to the San Jose/Santa Clara Wastewater Treatment Plant
were toxic in any of three different tests.

Anderson et al. (1990) concluded that the Hayward Marsh samples were the most toxic
and that the toxicity was largely attributable to unionized ammonia; although unionized
ammonia levels did not explain all of the toxicity observed. None of the samples from the
San Jose/Santa Clara marsh were toxic. The three other marshes had intermediate levels of
toxicity. .

Mortality and Population Declines Among Striped Bass

Periodic seasonal mortalities of adult striped bass (M. saxatilis) and the long-term,
gradual decline in the population of this fish in the Sacramento-San Joaquin system have
been documented in a large number of reports (e.g., Brown et al., 1987; Bureau of
Reclamation, 1990; Urquhart and Knudsen, 1987; Phillips, 1987). The exact cause(s) of
the mortalities and population declines have not been conclusively identified. Four factors
could be responsible:

« Reductions in striped bass egg production.

« Entrainment losses of young fish via water diversions.

« Food limitations in the food chain that supports the striped bass.

« The effects of toxicants at some stage of the striped bass life cycle.

Most likely, a combination of these factors is responsible for the problems encountered by
striped bass. Research is being conducted by many different groups to address all four
factors.

Information has been gathered in many studies regarding the possible role of toxicants
(aromatic hydrocarbons, herbicides, and pesticides) in causing these problems in striped
bass (Whipple, 1984; Jung et al., 1984; Sakanari ez al., 1984; Cashman et al., 1989). The
possible relationships between monocyclic .aromatic hydrocarbons and diminished
reproductive success in striped bass were explored by Whipple (1984), Jung et al. (1984),
and Sakanari et al. (1984). Data from the chemical analyses of plasma and histological
examinations of livers of moribund fish examined by Brown et al. (1987) indicated that
these animals had a number of liver disfunctions. The cause of the liver disfunctions was
not determined, but could have been atiributed, at least in part, to exposure to toxicants in
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the Sacramento-San Joaquin system. Cashman et al. (1989) demonstrated the enzymatic
oxidation of the herbicide eptam in hepatic microsomes of striped bass. They concluded
that the oxidation of eptam and other similar herbicides may represent a bioactivation route
that explains the toxicity of thiocarbamate herbicides to freshwater fish.

It is not possible at this time to attribute the cause of mortalities and population declines
of striped bass to only toxicants. Also, since these fish migrate to and from only the
Sacramento-San Joaquin Delta, these measures of biological effects cannot be performed
with fish caught throughout the San Francisco Bay estuary. Therefore, they cannot be
used as biomarkers in a bay-wide evaluation. However, there is sufficient compelling
evidence from a number of investigations to warrant concern that toxicants at least
contribute to the observed effects in this species.
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CHAPTER 5
CONCLUSIONS
MAGNITUDE OF EFFECTS

Potentially toxic chemicals occur in the San Francisco Bay estuary at concentrations that
equal or exceed those levels commonly associated with toxicity or other adverse biological
effects. The potential for toxicity is frequently highest in the harbors, ports, and
waterways around the perimeter of the estuary and lowest in the open basins. The
concentrations of some toxicants often associated with anthropogenic sources were highly
correlated with toxicity in sediments. Many different types of biological effects associated
with exposure to toxic chemicals have been observed in biota in the San Francisco Bay
estuary. They include a number of indicators of toxic effects in several species of resident
fish, stress in mussels, toxicity in water, and toxicity in sediments. The measures of toxic
effects observed thus far are:

* significantly elevated (relative to controls) incidences of abnormal development in
bivalve and urchin larvae exposed to sediments collected within the estuary;

» significantly elevated (relative to controls) mortality of amphipods exposed to
sediments collected from locations throughout the estuary;

* up to 100 percent mortality in amphipods or 100 percent abnormal development in
bivalve larvae exposed to sediments from many areas within the estuary;

+ significantly elevated (relative to controls) incidences of cytogenetic effects in
mussel and urchin larvae exposed to sediments collected within the estuary;

* relatively high toxicity to bioluminescent bacteria exposed to sediment extracts;

* significantly higher hepatic enzymatic activity and lowered reproductive success in
bottom-dwelling fish (starry flounder) associated with elevated concentrations of
organic compounds in the tissues as compared to fish caught outside the estuary
and to fish with lower contaminant concentrations;

* significantly elevated hepatic enzymatic activity in staghorn sculpin caught at seven
sites in the estuary as compared to fish collected outside the estuary;

* relatively high incidences of kidney lesions in starry flounder collected at sites in the
estuary as compared to fish caught elsewhere along the Pacific coast;

* relatively high incidences of liver lesions in white croaker caught at sites within the
estuary as compared to fish collected elsewhere along the Pacific coast;

* significantly elevated incidences of micronuclei in blood cells of starry flounder
collected within the estuary as compared to fish caught along the Pacific Coast;

» significantly elevated toxicity in invertebrates exposed to water samples collected at
locations around the perimeter of the estuary;

* periodic seasonal mortalities of adult striped bass and a gradual decline in
population size in the Sacramento-San Joaquin system; and

» significantly reduced scope for growth in resident mussels collected in South Bay
relative to mussels collected nearer Golden Gate and outside the estuary.

Collectively, all of these observations strongly suggest that adverse biological effects
occur that are at least partly attributable to toxicants in the estuary. They are indicative of
toxicant-related effects at the sub-cellular, cellular, histological, organ, and whole organism
levels of biological organization. They are indicative of a range of biological effects,
including death; prevalence of histopathological disorders; impaired reproductive success;
abnormal development of juvenile animals; reduced metabolic processes; induced defense
mechanisms; and chromosomal damage.
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SPATIAL EXTENT OF EFFECTS

1t is not possible at this time, based upon the bioeffects data available, to delineate
precisely and exclusively the area or areas in San Francisco Bay where toxicant-related
bioeffects occur. Several weaknesses in the available data lead to this conclusion. Some
areas have not been sampled and tested for biological effects. A delineation of the spatial
extent of effects associated with toxicants using the currently available information could
lead to the wrongful exclusion of areas for which there are no empirical data. The density
of sampling in most areas has been insufficient to accurately delineate the boundaries of the
toxic areas versus the adjoining nontoxic areas. Contradictory data, some indicating toxic
effects and others indicating none, have been generated for some areas in different studies
or in different tests performed in the same study. Some of this variability and apparent
contradiction can be attributed to small-scale patchiness and/or the temporal variability in
the distribution and concentration of toxicants. Also, the types of measures have differed
in sensitivity and seasonal variation. Measures of bioeffects in fish and water cannot be
used to define spatial extent with high resolution due to their mobility. Effects quantified in
mobile animals such as fish cannot be attributed unequivocally to toxicants at the site of
collection. Some of the biomarkers for which data have been generated also could be
triggered by factors other than just the toxic chemicals that have been guantified.

It would be easy to simply draw circles around the most notoriously polluted peripheral
harbors and waterways of the San Francisco Bay estuary and label them as the most toxic
areas. Compelling evidence from chemical analyses and toxicity tests of sediments
collected there would suggest that environmental conditions in many of these areas are
clearly less than pristine. However, the most intense sampling has occurred in these areas;
and, therefore, the data availability is biased toward the identification of only these areas as
the most toxic areas. The considerably less abundant data from the open basins of the
estuary have occasionally indicated that toxicant-associated bioeffects occur in those areas,
also. Therefore, toxicant-associated effects are not restricted to only the peripheral areas.

Because of the uneven amount of data available from the many regions of the estuary
and other problems mentioned above, the task of summing up the individual evidence
regarding the spatial extent of effects is difficult. The approach taken below involved an
‘itemization of the evidence that has been gathered thus far in which toxicant-associated
bioeffects have been observed or quantified in each major area of the estuary. This
approach is necessarily subjective and susceptible to the biases inherent in a subjective
approach. The uneven levels of effort in research performed in each area thus far are
reflected in the lengths of the lists of the data available. Also, the sizes of the areas differ
considerably, and variability in results within the larger areas is to be expected.
Nevertheless, based upon the available data, some areas clearly are worse than others.

Sacramento-San Joaquin Delta/Suisun Bay/Carquinez Strait

» observations of mortality, histological disorders, liver disfunction and diminished
populations of migratory striped bass;

» moderate incidences of ambient water toxicity in marshes near Martinez;

» some background water samples very toxic to sea urchin sperm cells;

» sediment highly toxic to bivalve embryos in the Suisun Slough channel in historical
tests;

» moderately elevated prevalence of erythrocyte micronuclei, hepatic MFO activity,

hepatic EROD content, and cytochrome P-450 activity in starry flounder collected
near Vallejo.
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Mare Island Strait

L ]

elevated concentrations of silver, chromium, and lead in sediments;

sediments highly toxic to bivalve larvae in historical tests.

San Pablo Bay

-

elevated concentrations of chromium, lead, and mercury in sediments;
sediments from southwestern San Pablo Bay slightly toxic to not toxic to
amphipods in historical tests;

sediments from southwestern San Pablo Bay slightly toxic to not toxic to bivalve
larvae in historical tests;

sediments from one site in southwesterin San Pablo Bay not toxic to bivalve larvae
survival, but toxic to abnormal larval development in 1990 survey;

sediments from one site in southwestern San Pablo Bay toxic to bivalve cytogenetic
endpoints in 1990 survey;

sediments from one site in southwestern San Pablo Bay not toxic to sea urchin
cytogenetic endpoints in 1990 survey;

sediments from one site in southwestern San Pablo Bay relatively toxic to bacterial
bioluminescence in 1990 survey; '

relatively low hepatic EROD activity and cytochrome P-450 content, low to
moderate hepatic MFO activity, moderate erythrocyte micronucei prevalences in
starry flounder;

relatively high reproductive success and low tissue contaminant levels in starry
flounder from southwestern San Pablo Bay;

no liver lesions in starry flounder from eastern San Pablo Bay, 1984-86.

Castro Cove

-

L ]

relatively high liver MFO and EROD activities in staghorn sculpin;
sediments highly toxic to amphipods in historical tests;
sediments moderately toxic to bivalve larvae in historical tests.

Richmond Harbor

elevated concentrations of DDT, chromium, lead, and mercury in sediments;
sediments moderately toxic to amphipods in historical tests;

sediments moderately to highly toxic to bivalve larvae in historical tests;

sediments not toxic to bivalve larvae in 1990 survey;

sediments moderately toxic to bivalve larvae cytogenetic endpoints in 1990 survey;

sediments moderately to highly toxic to urchin larvae cytogenetic endpoints in 1990
survey;

sediments not toxic to bacteria bioluminescence in 1990 survey.

Eastern portion of Central Bay

-

elevated concentrations of chromium, lead, and mercury in sediments;

relatively low hepatic EROD activity, moderate hepatic cytochrome P-450 activity,
and high erythrocyte micronuclei prevalences in starry flounder off Berkeley, 1986;
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relatively high hepatic MFO activity, low reproductive success, and high tissue
chemical levels in starry flounder off Berkeley, 1982-85;

very high prevalences of kidney lesions in starry flounder from Southhampton
Shoals, 1984-86;

low prevalences of liver lesions in starry flounder from Southhampton Shoals,
1984-86;

some background water samples very toxic to sea urchin sperm cells;
sediments collected near Pt. Molate highly toxic to bivalve larvae in historical tests;
sediments collected off Emeryville moderately toxic to amphipods in historical tests;

sediments collected off Emeryville slightly to not toxic to bivalve larvae in historical
tests;

sediments collected off Berkeley/Emeryville not toxic to bivalve larvae in 1990
Surveys;

sediments collected off Berkeley/Emeryville not toxic to bacterial bioluminescence
in 1990 survey.

Oakland Inner-Middle-Outer Harbors/San Leandro Bay

*

elevated concentrations of chromium, lead, silver, and mercury in sediments;
sediments moderately to very toxic to amphipods in historical tests;
sediments slightly to moderately toxic to bivalve larvae in historical tests;
most sediments slightly toxic to sea urchin larvae in historical tests;

some sediments very toxic to bivalve abnormal development in 1990 survey,
some sediments very toxic to bivalve cytogenetic endpoints in 1990 survey;
some sediments toxic to urchin larvae cytogenetic endpoints in 1990 survey;

sediments from two sites in Inner Harbor not toxic and those from one site in San
Leandro Bay relatively toxic to bacterial bioluminescence in 1990 survey;

relatively high prevalence of liver disorders in white croaker;

high hepatic EROD activity and hepatic cytochrome P-450 activity, but relatively
low erythrocyte micronuclei prevalences in starry flounder;

mioderate prevalences of erythrocyte micronuclei in white croaker.

Northern Part of South Bay (Oakland Bay Bridge to San Mateo Bridge)

*

no liver lesions in white croaker off Alameda NAS, 1984-86,

moderate prevalences of kidney lesions in white croaker off Alameda NAS, 1984-
86;

relatively high scope for growth in resident mussels from Treasure Island;

low prevalences of liver and kidney lesions in white croaker and liver lesions in
starry flounder off Hunters Point, 1984-86;

very high prevalences of kidney lesions in starry flounder off Hunters Point, 1984-
86;

3

significantly depressed scope for growth in resident mussels from Hunters Point;
sediments throught the area moderately toxic to amphipods in historical tests;
some background ambient water samples toxic to sea urchin sperm cells;
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» 5 samples out of 20 toxic to bivalve larvae survival-collected between San Leandro
and San Mateo/SFO airport, in 1990 survey;

+ several sediment samples very toxic to bivalve larvae cytogenetic endpoints in 1990
survey;

+ some sediment samples very toxic to sea urchin larvae cytogenetic endpoints in
1990 survey;

» sediment samples from most sites not toxic, those collected near Islais Creek and in
China Basin relatively toxic to bacterial bioluminescence in 1990 survey.
Central Part of South Bay (San Mateo Bridge to Dumbarton Bridge)

= ambient water samples from Hayward Marsh very toxic to sea urchin sperm cells;

» some sediment samples collected off Hayward/San Lorenzo highly toxic to
amphipods in historical tests;

« sediments not toxic to bivalve larvae in 1990 survey;

+ sediment samples from two sites toxic to sea urchin cytogenetic endpoints in 1990
survey;

» sediment samples from two sites toxic to mussel larvae cytogenetic endpoints in
1990 survey;

» sediments not toxic to bacterial bioluminescence in 1990 survey; _
» significantly depressed scope for growth in resident mussels from San Mateo
Bridge.
Southern Part of South Bay (south of Dumbarton Bridge)

» ambient water samples frequently toxic to sea urchin sperm cells;

+ ambient water samples collected near Sunnyvale frequently toxic, but those
collected near San Jose/Santa Clara not toxic, to sea urchin sperm cells;

» sediments slightly toxic to amphipods (except, one sample extremely toxic to E.
estuarius) in historical tests;

+ sediments not toxic to bivalve larvae in historical tests;
+ sediments from one site not toxic to bivalve larvae in 1990 survey;
+ sediments from one site not toxic, those from another site relatively toxic to
bacterial bioluminescence in 1990 survey.
Redwood Creek

+ elevated concentrations of chromium and lead in sediments;

» esediments toxic to bivalve larvae cytogenetic endpoints in 1990 survey;

+ sediments toxic to sea urchin larvae cytogenetic endpoints in 1990 survey;

+ sediments not toxic to sea urchin larvae in 1990 survey;

+ sediments very toxic to bivalve larvae in historical tests;

» low prevalence of idiopathic liver lesions in white croaker sampled in 1987;
» significantly depressed scope for growth in resident mussels.

Guadalupe Slough

» clevated concentrations of mercury in sediments;
* sediments not toxic to amphipods in historical tests;
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» sediments very toxic to bivalve larvae in historical tests.
Port of San Francisco (Islais Creek to Fishermen's Wharf)
« elevated concentrations of silver, chromium, lead, mercury, PCB, and PAHs in
sediments;
* sediments very toxic to amphipods in historical tests;
» sediments moderately toxic to bivalve larvae in historical tests;
* sediments not toxic to bivalve larvae in 1990 survey;
» sediments toxic to bivalve Jarvae cytogenetic endpoints in 1990 survey;
» sediments toxic to sea urchin larvae cytogenetic endpoints in 1990 survey;
» sediments not toxic to bacterial bioluminescence in 1990 survey.

Based upon this cumulative evidence, some areas were identified that have been studied
extensively in multiple surveys, in which different types of measures of effects have been
performed, where chemical concentrations in sediments were elevated relative to toxic
effects thresholds, and in which most of the measures of effects were elevated above
conditions in other areas in the bay. These areas include:

* Sacramento-San Joaquin Delta/Suisun Bay/Carquinez Strait area.
* Castro Cove near Richmond.
*  Qakland Inner-Middle-Outer Harbors/San Leandro Bay area.

«  Parts of South Bay between the Qakland Bay Bridge and the San Mateo Bridge,
particularly in the vicinity of the Port of San Francisco, Hunters Point, and Islais
Creek.

* Guadalupe Slough, adjacent to the southern portion of South Bay south of the
Dumbarton Bridge.

Areas in which moderately toxic conditions occurred or some of the measures of effects
were elevated relative to other areas included: Richmond Harbor, Central Bay off the
Berkeley/Emeryville shore, Redwood Creek, and parts of South Bay between the San
Mateo Bridge and the Dumbarton Bridge. Most of the data suggest that biological effects
were least frequent or least severe in San Pablo Bay; however, some data from the 1990
synoptic survey indicated toxicity. There were very little or no data available with which to
evaluate Richardson Bay, most of San Pablo Bay, the Golden Gate area, and the western
portion of Central Bay.
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SEDIMENT TOXICITY DATA COMPILED FROM 60 INDIVIDUAL
STUDIES PERFORMED IN SAN FRANCISCO BAY



aL aL oL p 2ATEALq dsd qeidun g 8/ £4L Leg sorewo],

L aL £t A aafeAlq dsd quiung 8/VTT 74l Aeg serewo],

4L aL 6L A 2ATRMY dsd quBuny 8/TIT 14l Aeg sspewro,

BAY

L aL 0L A podydure  smuhzoday qeadung 18/%T/T £aL Aeg soewo],

4L L v A podmdure  smudzodayy quiBuo g 8/%E/T ol £eg s[Ewoy,

gl il o A podwdure  snpufxoday qeidun g 18/Y2/T 14l Aeg sopEiro],
Aﬁvﬁomusu-_mbm spajjaolg

445 q 6L A 2ATEAIG dsd qeidup 8/TE/T £-ds Aeg orqed wes

4dS a i X aaeAlq dsd quiBung £8/TE/T z-ds £eg orqe ] ues

ds | Ve A aafealq d5d quiung 81T 1-d$ Aeg ojqed ueg

ads | AR A podwydwe  smufixodsiy qeBuny 18/TTT £-ds Aeg ojqe  ueg

ads g ¥S A podiydwe  smufixodaygy qeBun g 18/Te/T TdS Aeg oqeg weg

ads | 6 A podiydwe  smufixodzyy qeifun g 8/TElT 1-d5 Leg opqe  ues
Acd.—o_um:—ﬁbm—. spajjolg
ads el I'é A aAleALq J8d quduny 18/02/T £YA jutog sidwag ‘olaeA J;0
ads 1 59 N aalealq dsd gufuny £8/02/T VA Wiio adurg ofaniza Ho
145 q £el A 2A1BAIq dsd qerfun g 18702/ VA utog apdweg ‘oleriea 3o
45 ] 91 N poddure  smmAxodayy quiuog £8/02/2 VA yuro g apdweg ‘olo[ren Jj0
ads 4 oL N podiqdure  smufixodsny quiunyg 8708/T VA Jui0 ] adutag ‘olbyrea jjo
ads q 69 A podwdure  smufxodapy qudunyg 8/02/T VA 10 ] siduag ‘ola[EA J10
ns.ﬂe:ﬂ:—u.au muuvuwuo_ﬁ

NAD | ¥iL A aajealq Jsd quduny 18/€T/T £gA anadmurg jjo

NED q g9 A BATRAL JdSd qeiuny 8/€T/T THA spadmug jjo

NE2 q €51 A aajealq dsd qeBunyg 18/€%/T 1-9h s[padeurg jo

NAD d 14 A podydure  smufixodany qeidung 8/ £-aA a[rafsnurg pyo

NI | €€ A podmydwre  snruhxedaint qeiBung L8/€T/T Fag g sftadiaury jjo

NED q 9z A podiydure  smufixoday gqerfunyg L8/€T/T 1-ax a[radiaurg ;30
(Tyuonen|eAg spajjRo1g
NDIVO d §9C A BATEAIQ dsd qeiunz BIETIT £V0 Krenysg puepiep soddn
NDIVO d ST A 2A=AIq dsd qeiBung 8/€2/T VO Kiewisg puepieq 2addn
NIMYO d gz A aAPAIq dsd quBung I8/€2/T VO £remjsg puepleq sddn
NIIVO d 95 A podpydure  smufixodany quBunyg 8/€2/2T £Y0 Aremsg puepieQ soddn
NINVO d 19 A podmydwre  snmukxodagy quBung 8/€T/T VO Aremsg puepiep soddn
NIIVO d 69 A podydwre  supufixodipy qeidung 8752/ VO Aremsy puzpleq s2ddn
(Duoneneag P

—-Omuﬂuuﬁﬂu..—OU
{N) H oN TIPS
uodoy  Laydpsg uonezifivag [PULIOUQE % JA[RALY ) TH ad4L papuadsng 30 add] {'ON ‘1Y)
siydesBoany auseg gunpin  /Aepow o pediydwy uenyuSis Aesseorg sepadg podyduy ardureg e uones uonEIo/A2AING

A-2



NAVEOS | A A anfealq dsd quBunyg S8/8/L 60VO SV EpatIery Jjo
N-AVAOS g A4 A a4aTealq Jsd quiung c8/8/L $0 VO SVN epaurery jjo
N-AVE0S q Syl N 2alRAIq dsd qeBunyg 88/8/4 Vo SVN epowrery yjo
N-AVEOS 4 €L N podydure  smufizodogy qeidung S8/8/L 60 VO SVIN epaure[y jjo
N-AVEOS d £l N podydure  empufixodapy qudunyg SR/8/L 0 Vo SVN Epaue[y jjo
N-AVEO0S g 6 N podydwe  smufizodsyy qeBunyg SB/8/2 20vVO SVN epowe[y jjo
(€) pmig peuy
qds a g5l N anfealq dSd quiuny S8/L/4 60dS Aeg ojqe ueg
ads 1 £4 N vameAIq dsd quiunyg S9/L/L €0 dS Areg o1qed ueg
s 1 ¥EL N 2aTeAIq Jdsd quiunyg S8/1/L Z0ds Aeg oqeg ueg
4ds d 4 N podydwe  smufxodspy quBung Se/LiL 60 dS Aeg oiqeg ueg
ads | i N podydute  suufxodogy quiung S8/LlL 8045 Aeg ojqe  ueg
ads d 6 N podiydwe  smmfxodayy quBung SB/LIE z0ds Aeg ojqe ] ueg
{€) Apmig pepL
NNH d 79 A aalRAIq %001 2o paysodwo  99/07/8 dup - JH W0 SIjERy]
NNH d LT6 A aaRAIq %001 2 paysodwio]  99/02/8 dyz - aH U0 sRunq
NNH d 29 A aaleAlq %001 axeo paysodwol  9g/07/8 dq1 - JH 1uto,] SIAUN)]
NNH d 0z A podydwe  smufixedngy  s105 pepsodwoy  99/0z/8 dyp - a1 o] s1spmpy
NNH d cg A podiydue smuAxodaiy 2102 papsoduzory 98/07/8 dyz- a1 1O, J sIungy
NNH d 1€ A podiydwe  smufixodsy  az0 poysodwod  99/0z/9 dyt -dH 1o | s:unyg
(2) S12 AseN a0 s1suny
ANV d 6l A aA[EAlq %001 a100 paysodwo  98/6/01 dyz- v aseq Aaep] epaurey
ANy d jord A aATeAlq %00L aton paytsodwod  9g/5/01L dyr -1y aseg AauN epaurey
ANV d 9 A podigdure siuhxodany 210> payisoduiony 9g/S/01 dyz - v aseg Laep epswely
anNy d 1€ A podmdwe  smuhixedsyy  oz00 popsodwioy  9g/5/01 dyp -1v aseq AAvN epaurely
(2) 513 AaeN Jui0] ssopuny
1L d €l A aarealq %001 a0 payisodwo)  99/5/01 duyz-11 pue[s] aInseaz],
IL d €l A aaeAlq %001 a0 pmsodwol  9g/6/(1 dyg-1p pue[s] aanseal ],
iL d ¥ A aAEALq %001 at00 paysodwol  98/6/01 dyp -1 pue(s] 2anseal],
IL d 2 X aAlealq %00L a0 paysodwo]  99/07/8 dyg -1y, pue[s] 2Imsea1]
1L d oF A DATEALG %%00L 2100 paysedo)y 92/02/8 dyz-1L, puels] aInseai],
IL d LT A aAlealq %001 o100 pysedwo]  9g/6/01 dy -1g, pues] a1nsear]
IL d 8¢ A padwdure  smufiodngy  ao> paysodwon  9g/6/01 duyz-1 pue[s] 2amseas),
1L d 5 A podiydure smuAxodapy aro> papsoduzon) 93/5,/0L dyg-11. pue[s[2msea1],
1L d 0t A podmdwe  smufixodiyy  at0> paysodwod  9g/5/0L dyy-1], pue[s] aInsea],
L d ¥ A podigdure  smudxodsyy  esod papsodinol  9g/z/g dyg-11 pue[s] aimsear,
IL d &7 A podydure  smwfixedayy o100 papsodwiod  9g/0z/8 dyz - 1L pue[s|ainseal],
1L d 69 A podiydure  smufixodsyy 2100 paisedwmon 975701 dyr -1y pue(s] aanseary
(2) S19 LaeN Juiog sy
-.-O_uﬂhu..-uuﬂou
(N) 31H oN aurpag
uoley  Azeydusy vonezipuay [BuIouqe o, aajearg LX) BH adAp papuadsng o adAy {'oN Jo)
siydesfonny auseg a5 UIyDIp) /Anepow 5 podiyduy  Juzopgubig Kesseorg sapadg podiydwy ajdweg e uonels uopeI0YAoAIng

@
<



DV oV 1'66 A SATEAIq 5001 a100 poysodurod  68/0L/T a=d a)1s dumgy Zegesly
aad d <66 A 2aTRAIq %001 a103 payseduto)  68/L/T TP ynou JogIeH
SAVEOS | 6'68 A 2aTEAq %001 aos paysodwio)  68/4/T 1'PoS £eg 1nog
{syoqrey A1) poompay
NPIVO d &1L BATRAIq %05 azoo paysodimo)  88/ZT/€ O>HD e pra
NLIVO d 8'€T aATeALq %05 azeo payisedwio]  88/7L/E TZaL 10q7ey pRru preddnig ppoy,
NDAVO d s aaeAIq %05 oo poysodwol  88/2L/E neal zoqrey ppu preddivs ppoy,
NDIVO d 61l aaTealq %08 2100 pojsodwol  §8/TT/E TTNS loqTey PRI P33 PZTIRRS
NDIVO d Y aaTealq %05 2300 poysodwod  BR/ZT/E TNS Joqrey PRI R3)S PTMSS
NDIVO d ¥ N aATeAlq %001 aroo paysodwiod  §8/TL/E >HD PuURL) PR
NDIVO d £ X BATRAIG 24001 a100 payisoduio]  §8/TT/€ TZ-al soqrey pro preAdms ppoy,
NDIVO d 6 A S UACH %001 aroo paysodwmo)  89/ZT/E nz-at Toq7ey pra preAdpis PpoL
NDIVO d 9'%6 N BATEAIq %001 a0 payisodwio)y  88/7T/E TT-NS Ioqurey] PRI [P91§ WIS
NDIVO d g€ A 2ATeAlq %001 axoo poysodwo])  ed/TL/E NTNS IogTeY PIUT [PS SBZNOPS
NDIVO d € A podnydwre  smufirodsyy  esodpoysodwio)d  88/ZZ/€  MOTTUL  doqiey pRu preddms ppol
NLAVO d (i A podmdure  smufizedsyy  at00 paysodwiod  §B/TT/E ddn-z-al  zoqmey pra preddys ppog,
NIMVO d o4 N podnydure  smudzodnyy  aaod> paysodwiod  g8/1Z/€ Mol logiey pua preddyg ppoy,
NDIVO d € N podndwe . smufrodsyy  swoo poysodwio)  g8/17/¢  ddni-ql  loqrey pru preAdnig ppol
NDIVO d %€ X podydwe  smufixodeyy a0 pajisodwo)  g8/1T/E  MOTENS  I0IPH PRU IS IRZINDG
NCAVO d 74 N podmdure  smpfvedsyy  ssoopapsodwmo)d  ga/iz/e dNENS  FOQIEH PRM [PA)S RZIUPG
NIIVO d v A podydure  smufxodayy oo paysodwrod  88/7T/€ MOTZ-NS  J0QIE[] PO [99)5 BZINPS
NIMVO d (13 A podpydure  smpufixodsyy  exoo paymsodwod  8/TZ/¢€ ddnz-NS  100TeH PO [32]S RZIULPS
NDIVO d € N podydwre  smudvedayy  auod pasodwo)  8R/IZ/E I-NS I0qITL] PIUL (9918 JXZIMNPSG
NIIVO d 1€ A podmdwre  smufxedayy  aso paysodwmod  8R/ZT/E THD I0q IR THUf-pR
NDIVO d 1z N podudwe  smufiredsyy — esoopoysodwo)  gR/TT/E HD I0qIef] JOU]-PR
NDIVO d 8¢ A podnydure  smufixodnyy ~ aa0d pajsodwio)  gg/17/€ TENO 10qIeH] WUUL-PIT
NDIVO d S A podmdure  smufizodngg  asod paysodwod  8R/1Z/E 0io 10qTe}] JAUUL-PIitt
NLAIVO d 9z N podydire  smuAxodngy  oroo paysodwmed  98/1E/E TDI0 J0qIeH] JUu}-pra
NLAVO d 9z N podmdure  smufixodsy o100 paysodwoD  88/€Z/€ 1-DI0 PEaT 0GR} U] J2MO]
NDIVO d 02 A podmydure  smufxoday — azod paysodurod  88/€T/E £DI0 1213l JoqIEH] DUUT PMO]
NINVO d ST N podydwre  smuhxodsyy  auoo paysodwod  g8/ET/E IO 0GIPE] JDUNI] ADURIUD
NIAVO d 9l N podydure  smmfixodsyy 9100 pajsodwnl  £R/€T/E -0 JO IR} JUN] OURIUD
(p) 30qaeH 3auu]
ANVINVO ¥IMO1
SIVIsI d 6'1€ A aaleAlq dsd qefung S8/6/L 6051 ¥eary) swe1s
SIVISI d 69 A aafeAlq dsd qeduny £8/6/L S0SI 320D SrEs]
STV ISI d L9 A aarealq dsd quiBun g g8/6/L Z0SI ¥R STRIST
SIV1SI d £ A podmydure  smufzodanny quiupyg SB/6/4 6051 Woary STRls]
SIV18] d L 74 N  podydwe  smufixodapy quiunyg Se/6/L S0 sI SoarD) STeIS|
SIV'ISI d 6 A podyydwre  smufxodany quiung S8/6/4 TosI oA SPIS]
©) Apmig pen),
UOIEIUAIU0D
(N)ITH oN JuaIpag
uoSsy Loydpog uonEzeeg  [Purouqe % 2AfeAld JGONH AL papuadsng 10 addy (oN 'J24)
siyderosny  purseg spunpin  Aenod o podipdmy nogfis Aesseorg sspadg podiydwy  sqdweg ateq uonelg uoyeoyAzAIng

A4



oV oV 4 N podiydure  smufixodnyy  azod paysodioo]y aga 1 ay1s Tesodsy zeneoly
1NoMvo d 42 A podmdure  smufixodayy 210> pajsoduo]y 98391 z sodimod-z g puepED
1NoAvo d 6L A podmdure  smufxodoy  az00 poyisodwo] 8g0aq 4 sodwos-1 2InQ puepE)
NIIVO d 7 X podmdure  smudvodoyy 200 paysodwon  ggoeg € PII-E UM PUEL{EQ)
NIVO d 0z A podpydure  smufxodoyy  adon popsodiso]  g9gdeq z PIG-Z Jouu] puepieq
NDAVO d ¥ A podydure  emufixodayy  avon paysodmon 98531 L JamO[-1 U] pUEpeC)
1NOMVO d €17 N aaTealq %08 2200 paysodumor) 9822 z sodumeo-g zng puepreq
INoHvo d € N BATEAK] %0E 210> paysodwo) o531 1 sodwod-[ BINQ puepeO
NDIVO d 24 N aATeAlq %05 awo paysodwion  ggoag £ PRE-E JaUU] PuepEQ
NDIVO d €0 N ERCI ] %05 a0 poyodwey  ggoag z PRE-Z Suu] pPUepEQ
NDIVO d L6 N aATeALq %08 2103 paygsoduro) 9833 1 F301-] JOUN] PuepEQ)
1NOMvo d g A aA[eAIq %001 oy paysodumo)  9goa( 4 ‘sodwion-g synQ puepEp
LOOMVO d T N sarealq %001 aox pajsodimoy  g9g-vaq 1 soduon- snQ puEpEQ
NDIVO d L9t N JareAlq %001 2100 paysodumor) 98-03Q € PIu-g JOuu] puepREQ
NDIVO d 1 N saTeAlq %001 2100 pojjsoduro) 955301 4 PRO-Z JAU] pUepyeC)
NDIVO d LEL A safeAIq %001 a00 paysodwon  9goag L JoMOT-] SOUU] PURTTED)
{¢nuawasordi] Joqrery puepEo
oV v 0 N BATRAIG %001 au00 paysodwo)  g8/g1/g Pa ay1s Tesodstp zeneory
OWId d Ll e aAfeAlq %05 azod paysodwiod  ge/8I/S | =ud joy59p
OWLd d 1z eu saTeAIq %05 oo paysodwio)  g8/41/g \'4 sa1d pupgey
OWLI d 001 A aATeAlq %001 a0 pysodwo])  gg/R1/S | »1d 3o ysapm
OWLd d 001 A aareAlq %001 al paysodured  gg/AL/s v zard punpeg
(921 Pug Aejop Mloy
IV v S6L N aATRAIq %08 oo paysodwe])  6g/2/01 aoav ay1s dumq) regesry
aTy d ¥l N aafeAlq %05 o paysoduwroy  68/2/01 9'pPg IoqreH] 4
oV v £66 X AnfeAlq %001 aw paysodwe)  68/Z/01 anav ay1s dumqg zenery
azd d £9 A aaTeAlq %001 0> paysodmo)  68/Z/01 9°'pag Joqrep] A1
(61} 30qIEH L1 poompay
v o 7'9p N aATeAlq %05 a0 paysodwme)y  6R/OL/T axg . e dumng zegesry
am d T N aATeAlq %05 ato> poysodwoDy  68/4/7 Z'peg \Inow Joqrey
$AVE0S q T N 2aTRAIq %05 auo pajisodwre)  68/4/2 1'pog £eg1ynog
En—ﬁﬂ-ﬁ—_—vuﬁou
(N} ¥H oN JuBIpas
uoday  Loydueg  uoweziimey  eumouqes;oaEAlg /R MM adAL papuzdsng s0 ad], ('ON 323)
odeBoany  aniseg sugn _ epow o podiyduy pwopfis Aesseory sopeds podydy  ajdureg areq uonelg uoneoyLdamg

Ly

<



1V o\ £6 N ERNCC] %09 2100 pysodwo)  98/6/1 apeg 41 Tesodstp zenedly
HOM™ d T'EE N aatealq %05 a0 paysodwioy  g8/6/1 5 Pag PRy o BIUES
HDOM d A N aAfeAlq %05 azo0 paysodwo]  §8/6/1 £ 'Pag WINY 0B[oJ JuIod
OV g\ 4 79T A BATEALq %001 ato0 pasodwod  88/6/1 a-pes ays [esodsip Zeneoly
HOM d om A saTRAlq %001 aod paysodimon  88/5/1 g 'Peg IR 3 BIURS
FDId d 574 A aafealq %001 aroo paysoditol  88/6/1 €195 * um] omnog Wod
_ (LT} 30que}] JIUU] puOIIPIY
g \'4 DY 0 N aaTeAlq %05 aao paysodwo)  #R/TT/Y €1 'PY ays Tesodstp ZeneoV
ASIM0d d 0z X SATEAL] %05 azo0, ppisdmoD  g8/Te/Y raf @ISDURL] RS WHOU ‘Sp 21
SIV'ISI d -0 N aafeAlq - %05 azod [ pisdwod  88/TL/¥ oL 390D STETS] 08 Ll
ASIHOd d 0 N aATRAIq %05 a3, I pisdwo)  88/TE/¥ 6 a31d 30 3509 *0R L]
As1dod d €T N aaTeAlq %05 azon [ pisdwo)  88/7T/¥ 9 utseq eup) ‘gf Dig
51904 d 0T A sATeAl %08 a100,[ pisdwo]  §8/TZ/V § COSPATRL] 1TeG YHOU ‘LT 21
ASINO d LT A daTEAl] %05 2100, 1 pIsdWOD  $8/TT/Y T 0DSPUEL] G YHOU ‘GE L]
o \ 4 oy \4 20 N aalealq %001 a10> pysdwo)) 88/TT/Y eI 'Pd ayys [esodsTp zenesly
ASINOI d g€ x 2ATEAIq %001 azoo yppsdweD  88/ZT/Y rat OOSDITEI] WeS *0u ‘Gy B
SIVIST d 15 A dareAl] 2001 s100 [ pysdwme]  88/TT/Y oL ¥9a13 STE(S] ‘08 P
J5180d d FA)| N aATeAlq %001 a1, [ pisdme)  8R/TT/Y 6 s1d 3o 3583 ‘08 L]
AS1¥0d d 0oL A aATeAlq %001 sxox, [ pisdwmo)  88/TL/Y 9 Iseg BUTL) ‘g ]
ASI¥Od d oot A aaTEAlq %001 az00,  pisdwmo)  88/ZL/V § COSPURL] UBG YHOU ‘g L]
JsIOd d 0oL A aaTeAl] %000 azop,p pisdwol  88/TT/Y z 00SPURL] UBS YHOU ‘GE 1]
(01) 0ospwEX] g JO WO g
avo uvo 9t N aa[RAlq %05 auoo papsodwe) 887100 Py ay1s fesodstp zoumbie)
TV d 91l N ER ] %08 s100 pysodwod  §8°100 9'pPIg yens saddn
TIVIN d 89 N dATeAl] %08 ao> poysodwoy 88100 ¥ PIg Fens-pIA
qVD AV 495 A 3ATRAlq %001 azoo paysodumo] 887100 Py ays Tesodstp zoumbre))
TAVIN d  Z74 X aaTRAlq %001 a1 paytsodwme) 887100 9P3s yensaddn
DAV d voy A 2amRATq %001 azod paysodiie) 887100 ¥ Pag eDs-PIN
(6) 3N puejsy arepy
5ads sads 5 N aaEAlq %08 aa00 poysodwmoD @R -dQ ‘Pa aps Tesodsyg olqed weg
gds q T N BATRAIG %09 azo0 paysodwme)  gg %Rl ¥ ¥ uonddg
gds 4 €s N aATRALq %085 azo0 paipodmo)  gg-0eQ £ £ uonpag
5ads S1dS 69 N aameAlq %001 ax00 paysodmo)  gg -0 PR ans esodsi() olqed ueg
ads g 0oL A 2ATRAIq %001 alo> paysodwod  §8-090 1 4 ¥ uonag
ads | ret . A aaTeMq %00L aod papsodimon ¢8990 € £ uonag
. {g) Leg o[qe] UES-pra
‘Puirey) [Eoys ouUTd
UOHEIUDUL)
{N) WH oN uRwipag
uofay  Awyduog uomezipmed  [euuouqe % dARAIE /O MH AL papuedsng 1o ad4y, 9N 799
sderfoan  puiseq spunpin  Apenow 5 podiydwy wmeoyfis Aesseog sspods podiydwy  ajdureg aeg UoIRig uonRECY/AdAING

A-6



i) 11 L N dATeAIq %001 . 0Quey  uoyBupsepm ‘(PR 1S9M Jj0
15 a I'ic A SATeAN] %001 a0 gpsdwoy  sg-Aely 9L olqed weg o jjo
5VD d 6€T K aaTeAlq %001 210> zpisdwmo)  sg-Ae " 240 OnFED BINQY
SVD d g0e A aaealq %001 awod gpsdwmo) gL €L 2407) 035ED) U]
SV d €6 N aaealq %001 s Zpjsdwo)  sg-Aey ral aA07) 0xjse)) J8u]
a5 | 6L A 2AeAl] %001 aox zpisdwod  sg-depy Py Aeg ojqe weg 1sompnos
aseyd ‘dsmg (SE)ULARYY 2400 OxSED)
oV oV Yor N dALRAIG %05 100 popsodmo)d  gg -aoN P s EesodsIp zesety
oV o)\ I't N aafealq %05 2100 pesodwoy  gg-aoN 'V ‘13 )1 pesodsip zenery
NAD f 4T N asfealq %05 ao paywodimo] gy -a0N §Pg  PUUE [eoyg uoidureynog
HOId d A4 N aaTeAlq %05 o paodwo)  gg-aoN 1eg Freym Buof zoqey DN
HOM d 61 N 2ATeAl %05 a0 paysodwo)  gg -a0N 9°pag [P 30 PEAL]
HOM d g€ N 24TeAIq %08 at0> paysodwrely  gg -a0N 5995 PUIEP 3 PG
HoN d LW N 24TeAlq %05 o100 paysodwo)  gg-AoN ¥ “Pag PuuEL JoqIey sy
oV v 166 A dapealq %001 aics paysodmoly  gg-aoN 195 1S TesodsTp Zeneory
oy |4 OV 6€ N aaeAlq %001 a10d paysodwmo)) g -aoN 8V P95 )15 [esodstp zeneo[y
NAD | ¥Z N aAeAlq %00L ato0 pajisodmo) gy -AoN §'pag  PuUUEp [oys uoidurenpnoeg
HDI d 66 A FATEAIY %001 a0 papsodwme]) g8 -A0N L35 Freym 2uol Joqret] 0
N d FA'A N aATeAL]. %001 1o paisodure) g -A0p g o5 TPUEY Jo peal]
HoM d £5 N asmeAlq %00t w00 paysodimo) 9@ -A0N S5 PUE 3] e
HOM d 9L A aAfeAIq %001 a0 pajisedivo  gg -aoN ¥ Ro5 PULEL Joq ey Jaunsy
(1) Perey) I0qreR] puowyary
o o vl N sarealq %08 awo paysodwe]  gg-aoN aon pes 18 [esodsip zenwoly
LNOMVO d vl N aaTeAl] %08 a0 paysodmo)  gg -aoN ZPeg PR J0q Y 2100 MO
LOOMYO 4 g1 N aA[EAlq %05 10> paysodioy  gg-aoN 1 'Pog QD Jogrey BING
NIMVO d £ N 2amAlq %08 aoo payisodiio g -aoN £Pg PRl JOqIEY B
NDIVO d vl N saleAlq %05 200 pajsodimo)  gg -aoN TP [PULELp aoureDuy S|
oV v ULl A aATRAI] %001 00 paysedwo) g -A0N ao s 215 esodsip zenesry
1NOAVO d I'v N as[ealq %00L atox paysodumo) g -AON ZPag UL Joq ey 39310 Mo
LAONYO d €€ N aapealq %001 a0 pajiseduo];  gg-aoN L 19§ AUMRHUS J0qIEY RN
NDIVO d 0z A 2aTzAYq %001 2103 pajsodimo)y gy -aoN £°Peg \[5¢ad Joq ey Uy
NIXVO d g91 A anfealq %001 2100 paysodwo)  gg-aoN (A= TRURYS SURITY ST
(E7) PEIRYD JoqIeH puEpreQ
oy oV 8EE H aafeAlq %05 azox papsodioD  ge/g/1 4% ay1s esodsy] zegkary
NLEVO d 669 ¢ anfealq %05 oo paymodwod  g8/9/1 £ P ypE2I Ioq ey JUU]
NIIVO d 001 A 2ATeAIq %08 s paysodime)  §8/9/1 T'pag [puUE\R aowenuy
o1V oV 00t A aAfealq %001 at03 pajisodumaly  gg/g/1 P su1s [esodsiq zenwly
NDIVO d 001 A aspealq %001 a0 paysodimo)  gg/9/1 £ Pag {peal J0qTey sty
NDIVO d oot A aapealq %001 auoo pajsodimo)  gg/9/1 A PR a5wenIyg
{21} Joqre} 12uu] pueppeQ
UOHEIJUIIUG]y
(N) 3/H ON JuIpag
uoifoy  Anydueg uomezieg  pumcuqes; Al UNH ) pepuedsngao addy, (oN J23)
syderfoan  anseg sunpin _ Aepow g pediyduy wesgufig Aesseorg sepeds podiyduy  sjdures o uopels uonroy/ aamg

D
<



NNH d -4 podwdure  smpuhxodany 99/97¥2/6 6L o swmy
NNH d S podpydure  smpahxodagy 98/92¥/6 81 e ] ST
D-AVEOS q o podydure  snuuhxodany 98/9T¥2/6 9 premATL] /o3RI URS UDIMID]
D-AVEOS 4 o0t podydure  smudxodapy 98/974C/6 5T premArL] /0je] Ueg UsamIaq
DAVEOS q 05 podmdure  suhxodapy 98/92%C/6 74 PremARE]/ORJ2[N] WG UdMIaq
D-AVE0S a 0oL podngdure  smiufzodayy 98/92¥2/6 € premAeL] /oa1R]y URG U0aMIA]
D-AVE0S a S¥ podudure  smuhxodsyy 98/9¢¥2/6 74 premARH] /ORI UG URaMIq
DAVEOS a ov podprdure  smyuAxoday 98/9T+VL/6 1z PreMARE] /O3RN UeS weemidq
DAVEOS | gs podiydure  smuhzoday 9R/9THT/6 oz PresARE] /0aTR ] UES URMIPY
D-AVEOS a oe podydure  smufzodingg 98/9T¥T/6 i PIEMARE] /O3] RS UDdMIB]
DAVEHOS q 0L podnydure  smuhxodiy 98/92¥2/6 91 premAeL] /o3RIy URG USdMIP]
2AVEOS a 09 podydure  smufixodagy 98/9TVT/6 st PremARL] /0RIRJ \TEG URIMIN]
DAVEOS | oF podndure  snuufxodainy 98/97¥2/6 Tl premAep]/03]Rp URS MaaMmIaq
DAYE0S q o9 podipdure  smuAxodsiy 98/97¥T/6 €L premAvE]/03jE] UBG UD3MIA]
AVEOS q 08 podmdwre  smudxodayy 98/97¥2/6 U premAeE] /OS1e] WG R MIal
JAVHOS q st podnydure  smmfxodayy 98/92¥2/6 L premAer] /o3RI URS USMID]
SAVHOS f 0t podiydure  smufixodany 98/9252/6 L 28ppy woyrequIn(] Jo ANoS
SAVEOS q o podpydure  smufixodapy 98/9T52/6 9 28pug uoMreqUIT(] JO \IN0S
SAVEHOS a o podiydute  smufxodagy 98/9T¥T/6 s 98pug uojTeqUIT(] JO YINOS
S-AVEOS 1 T podydwe  smudxedapy 98/9THT/6 ¥ SBpug UOLTUITIY JO HTOS
NAVEOS | 0T podydue  smufxodany 98/9C¥1/6 ot a8pug o3l weg Jo Inos
N-AVEOS q ot podydure  smufixodayy 98/97-¥2/6 6 aBpug oajep tes Jo nos
N-AVEOS q oy podydwe  syufixodagy 98/9THL/6 8 aZpug oatepy ues Jo \pnos
N-AVEOS a (4 podpidure  smpudixodngy 98/9TVL/6 € a8pug odre weg Jo \Inos
N-AVEOS q 05 podmydure  smuhxodany 98/92¥T/6 z a8pug osjey UES jo INos
NAVEOS 4 (T4 podmydure  smiufxodapy 98/9T¥T/6 1 a8pug o9 UeS Jo [INos
(91) AaaIng feg
puos vaa
D ghin} S N podudure  smufxodsy lonuony  uorBunysepm ‘peag jsam 30
ads 1 91 N podndwe  smufixedyy o300 gpisdwmoy  g-Ael 91 o[qed ueg 1o jjo
SVD d 06 A podudwe  smwfrodyy a0 gpisdwod  zgAE L 8407) OSED IINO
SVD " d s A podrydwre  smufxodsy 2100,z Pisdwo) L8-Re €L 2A0D) onse]) NI
SVD d 62 A podudwre  smufixedigy  ezoozpisdwon  fg-Ae rad 240D OIS AN
ads 1 6 N  podydwe  eyuirodsyy s> gpisdwo)  sgAen ‘PY Avg O[qe] WeS 1S2MUINOS
1D 1D VN N aapEalq %08 Tonuod uoiBupyse ) PERE ISIM IO
ads | 851 A aaRAlq %05 st zpisdwoy  Lg-Ael 9L ofqed RS U0 Jj0
SVD d V8T A 2ARAIq %05 s zpisdwody  g-Aey ¥ 8407 ONSED WINO
SVD d 74 A aaTenq %08 azoo zpisdwod  £g-Aep K 9A0D) OLSE) U]
SV d ¥l A daTeAIq %05 a100 7 pisduro) 28-fe 4 2A0D) OOFE) JAU]
€ds q 96 X DATeAlq %05 2103 pysdwo) 8-Ae Py Aeg ojqe ueg jsamyInos
UOHQRIJUIdU0D)
{N) 31 ON JuamIpag
vofoy Awydued uomEziped  Puouqe sz oAemlg  HAMH AL papuadsng 20 adfy, CoN 324)
siydelfoen  pmseq spunpiny  sAenow % podwydwy peoyusis fesseorg sepadg podpyduty  adures A vopels noneoY/A3AIng




v oW 65 N 2a[eAlq %000 a10D) 68-8ny oV ay1s fesodstp zenesty
1OOMVO d €9 N BATEALq %05 a1 pypodwo)  68-3ny LE> 9€ [P
LOOXVO d 5 N BATEAIq %4001 awo paysodimo)y  gg-Bny LE> 9g g

(02} 9¢ yuag
‘puepreQ jo gog

SAVEOS d 1€ podydure  smufxodaiy V/N 68-PO 1-7d ‘JaryBnors g@'g
S-AVHOS q 8e podnpdure  smiuAixodayy V/N 680 1gs prp daag g5

ads q a1 podnpdure  swwAxodayy V/N 680 o | £y ol feg 1§

WIVD gh i) 6¢ podnpdure  smyuAxodagy VIN 6810 1dd 1€ ‘paasts 'Y M, “PTUL 21D

VD 1D £ podydure  smuudxedapy V/N 68-P0 PAADTS Y M “OTU] L1ED

WAV 1D z podydure  smuufxediyy V/IN 6810 PAAISUN Y M AT 12D
SAVAOS d e podydure  snuojsnmpy V/N 6800 I€1D 1dd gz “yps1q 15 adnepeny

WVD 1D ] podndime  smuoysnimgo V/N 68P0 9dd ¢z "pasmig

WIVD 1D 1 podnydure  snuojsnoyoy VIN 68RO ¥dd g ‘pasarg

VD i) 6 podydwe  smuojsnoyey V/N 6810 1dd gz ‘possig

it Ao i i) 6 podnpdwe  snuojenoyog V/N 6810 {paAaTs) [01U0D 2ZTS UFRID)

TAVD 1D 1 podydwe  snuojsnoyeq V/N 680 VM RPN LD
SAVE0S d 9€ N SATEAIG 1/8 02 V/IN 68-P0 €12 -pag adrepsyT s 2dnepens
SAVIOS d TS N aafealq 1/80z V/N 68-P0 va/7d “Pa5 P YBnojs deg o5
SAVIOS il 80 N sareAlq 1/8 02 V/N 68-P0 3 PRSP I dvoq Aeg ‘o

ads q 9€ N aaTeAlq 1/3 02 V/N 6810 £y *pos 1 Avg oospuel] ueg

WAVD 1D 6 N aATeAlq 1/3 02 V/N 680 u0yBURISEAL “POI] X2

(s1)areafuung :yqgs

SAVEOS a 00t podiydure  snuosnanog VIN 68 0 4 '1q uoMRqUING ‘T UOHHIS
Hodlsam 1D 7 podiyydure  smpopsmonog VIN 680 Toquo) uojBumysep pvag I0Mm

S-AVAOS d e poduydure  snuojsmaneg V/N 6810 £ Aeg \pnog ‘g uopys

S-AVHOS d 0 podpidure  smuojsmngog V/N 6810 z Aeganos ‘7 uonmg
Hodlsam 11D 8z podydure  snuopsmeey  ddgesspungcy 680 Toquo) uoyBumyse, ‘gorag 150M
HOgIsamM  1ID sz podnidure  smuopmoyey  Idgzessmuwmg 68RO Tozuo) unBuryses ‘yoeag 15oMm
HD4ISamM  1ID ¥ podydure  smuopmpyoy  Idgzesmsuns 68RO TonuoD uoyBurysess ‘poeag 1M
HO4ISAM LD € podydure  snuopsmpyeg  IggezswBumg  6gw0 Tonuo) uoyBupgsep Apeag im
HDA1SAM LD 0 poddure  snuojsmoyog siddg 680 onueD unBurysep peag 1sapm
HD4IsIM  “LID 9 podiyydure  smuAxoday ¥/N 6810 Tonuo) uolBusep “preg 1M

SAVEOS 4 8 podnydure  smehxodapy /N 68RO L “Ig UOHRQUING ‘] UoREIS

S-AVEOS d ¥z dATRAIQ V/N 680 £ Leg ynog ‘g vonwg

S-AVE0S d 61 aATeATq V/N 680 z £eg @nos 7 vonwig

S-AVE0S | ve aAeAIq V/N 68P0 1 28p1g uoNequIM(] ‘L YonElS
HodIsam 11D Iy saeAlq V/N 680 lonuo) uoyBurysep “peag j5om

D) oY ofed
amoW vads
UOREIUDUCD)
, (N) 3TH oN paupag
uodoy  Areydupeg uopenmog  [ewnouqe o dAmeAld (A MK adAL pepusdsag o addy (‘'ON Jo%)

siydesdoony  anseg %W Anpeprow 3 podiydury yueayuBis Aesseorg sapeds podmydwy ajdureg Neq uoIElg uonedo/AIAmg

A-9



IV o L4 N aneAlq %001 az0o poysodwio) 68 dag OV a11s Tesodsp zenefy
NDIVO d 121 N sATEAl] 55001 o200 paysodwo)y g 3dag £7-17 WS £€ YpIRq “J0qIEE] JAt]
NOAYO d 44 A dapealq %001 00 paysodimoy  gg 4dag 0z-81 WS £€ YH=q JoqIe}] ]

(52) €5 Yt
‘pueppeQ Jo pog

v IV &L N 3ATRATq %001 az00 paysodwo) 6 1dag IV 2y Tesodstp zeyeY
NIIVO d 190 X PATEAT] %05 200 pojsodumo)  gg g Akt T€ YH2q "I0GIEL] U]
NDIVO d gl A aafearq %001 azon poymodwe)y 68 -1ddg TE Wy 7€ [HRq “JOqEL] ]

G e yHeg
‘puEpreQ Jo Hog
NDIVO d 9 N 2ATRAIq %09 axoo paysodwmo) 68 4dag A ¥Z \IRq 210G IeF] JHUI]
OV oIV A N aafealq %00L a0 paysodwio) g8 -3deg oWV ayts resodstp zenwary
NIIVO d ¥'s N aaTealq %001 at00 paysodwo] 6@ ydas T mIeg ¥ {1324 “Toqref] Buu]
(£2) %2 g
‘pueprEQ yo Hog
NDIVO d 94 N uppIm %08 azod pajsodwmoy g -ady £T g Q/2/1/V ‘Toqrep] Jouuy
> oI £98 N upPm %001 alos poysodwony  pe-ady by |4 ay1s Tesodsyp zeqealy
NDIVO d Fid A unpm %001 awo poysodwo) g6 ~4dv € Q/D/4/V ‘Toqrey] 2uul
(22) €T I
‘puepreQ jo Hod
NDIVO d L6 N unpm %05 azo0 paysedwiol 06 a2 vaL/Iar YAL/ [ “10qIeH] ]
NINVO d L6 N unpam %05 ato0 pajsodo])  (6-9P4 car/iat €L/ 1AL “1oqIeH s
NDIVO d £96 A unpm %05 o100 paysedwo)  06-adq DL/ 100 ¥OL/1D1 ‘I0qIeR] Jauu]
NDIVO d 86 N unpm %05 200 poysodwmo) 69 waL/ial ¥41/141 JoqIef] 2]
NDIVO d 86 N uRpm %05 a0 paysodwo) 060 ¥VL/EVL FVI/EV] ‘Toquep suu|
oY OV 66 N unpm %00L ato0 poysedimo) (6 -G o a11s TesodsTp zeneary
NDIVO d L N unpm %001 auoo paysodwmony 06 qRd yaL/1dL YAL/ 1AL ‘ToqIeH] Zat]
NDAYO d 46 N uppm %001 a100 paysodwmo) 06 -9Rd ear/iar €L/ 1Q11 2048} U]
NDIVO d £16 A unpm %008 a0 papsodimo) 06 -qRd ¥OL/1DL ¥OL/1D1 ‘10q1eH Buu]
NDIVO d €86 N unRam %001 azo paysodwo)y g6 -aRd ¥aL/191 ¥41/141 “JoqIef] Bua]
NDAVO d €216 N unpm %001 a0 pagsodwo) 06 R FVL/EVL FV1/EV1 “Ioqre] Puu]
(£2) TEME sYog
‘puUED[EQ JO HOd
_.-Om—uhuﬁuuﬁoo
(N)¥WH °N JwIpas .
uoffiay Aoydpag  uomezipuay  [ewmouqe % dapalg AR WH adil papuadsnglo adAy (oN 32d)
swderfioan  uyseq spumun  Apepow o podiydwy weopulis Lesseorg sopads podydwy  apdueg aea uoIEls uonwofaang

A-10



NIHO d 766 A aA[eAlq %001 a0 paysodwo) 6809 L~ ¥ UOTRG JOqIRE] ST
NIHOI d oot A dA[RAl] %001 amoo paysodutod 69 01 €35 £ UoN335 ‘Ioq e Ty
NIHDM d 0oL A aaealq %00t ago0 paysoduroy  gg-da TP T Uonoag “10qTef] IownI]
NEHO d FAVAS N 2ATRAIq %001 a0 paysodimoy  68-93Q 17995 [ UOTO3G “JogqIef] SMu]
MOG—HHA uﬂﬂu—cﬁzﬁﬂ
{0€) puorpiy
o \'4 g\ 4 166 A aATRAIq %001 aod papsodwo) g5 -gag g\ 4 ays resodstp zeney
NIHOR d L1 N aaealq %08 Ao paysodwze) g4 ¥ P35 RUUEY) 10qTef] JR]
NIFDIH d o/ A aaelq %001 ar paysodwe) 68994 ¥ PS5 [RUUERL) JOqIRE] Jetruy
(62) 10qrey
Jauuy .—-.EOEGUE
oV v 921 A aarealq %001 asea paysodinoyy g -uef v 218 esodstp zenesry
INOMYO d o0l A 2ArRAIq %08 3100 payrsodinoyy 89 e[ 5P J0qIeH N0
INOMVO d 89 N aaTeAlq %08 azo3 paysedwory g -ue[ PR J0qIeH] RINQ
1NOAVO d oot X afealq %001 105 paysodwo) g8 -ue( g pag IoqIel RNy
100MVO d L6 A aATeAlq %001 2100 paysodwo]y 8g e[ P35 I0GRH 2INQ
(§2) 20qrel
RINQ puEpEQ
oV oy \'4 L2 N aATeAlq %001 2100 paysodwo] 06 -ue[ OV 2315 [esodsiq zeneory
AeIvo d 1z A aAeAlq 2405 az00 paysodwo]) 06 -uef o V aipsoduro]) ToqIeE] SIPPIN
amrpivo d £aL A JATRALY %09 au00 paysodusor) 06 -uef g v siyseduro)) Joqrerr a[ppIy
ampivo d €T A aarealq %05 au00 payseduo] 06 e[ v v aysoduno JoqIeH SIpPIN
AnIvO d L1 A aATRAIq %001 a102 pansodino) 06 -uef o Vv aytsedwor) togrery apppiy
amivo d 8L A safeAlq %001 a10> pajisodumary 06 ~ue[ q ¥ aysodune)) toqrer] a[ppoy
amoIvo d a4 A aarealq %001 a102 pajsoduto?) 06 -we[ v v 2psodwno) Joqrepy aTppI
: (£2) 3ua) £jddng peaey
v oV 6 N daleAIq %001 200 pyysodmo]  gg-Sny o314 ayis Tesodstp zeneory
NIAVO d gy N JATRAIQ %08 a0 paysodwmo)  gg-Bny 9% g Ioqrer] auup
NIAVO d ¥l N saeAlq %08 ato> paysodumoy  gg-Bny o L IoGTeR] Jauuy
NDIVO d g N aarearq %001 a pasodwe)  gg-Bny 9F wg Ioqre] sauuy
NTAVO d Al N aaTeAIq %001 atoo poysodwoy  gg-Fny £1ws loqrep] zauny
(92) s¢ o
‘PURD[EQ JO Wog
NIXVO d 851 N aarealq %08 aw paysodwoy  6g 3dag £z-1z \s €€ 112q ‘JoqreH sy
NDIVO d ¥'s N aafealq %08 a0 paysodwo)  6g -ides 0781 1S €€ 1099 “Joq e Jauuy
EBTEuﬁﬂu—-OU
{N)3TH oN wawipss
uodoy  Lraydpag VopezZINIe ] [eIDICUQE % ATeAlg HR) WH addy, papuadsng 10 ad4y ("oN 'J3Y)
sdedosny  useq Bugn  Ayepow o podiydury gueogrufis Aesseorg sopadg podiydmy  sjdures aeq uonEls vopwoydoamng

A-11



ds1d0d d 0ot BATRAI] %001 a0 paysodimol g8 -y g “¥59M g B
JSI1HOd d 8z sATeMq %001 aion pysodhmo)y 68 -Buy L 1522 g 29T
S04 d 82 aAlRAIq %001 aro0 poysodwme)  6g-3ny 9 wpeoxdde 310U 16 PLI
45140 d 96 2ATRALq %00L aton poysodimo) 6820y [ wpeoldde ypa1) ste(sy
dS14Od d 12 2ATEAIq %00t awon papsodwmo)y 68 -8ny ¥ |»q b6 WL
s140d d g6 sapeaAlq %001 a0 paysoduroy g -Sny € yesealq JIeum /Ust]
ISIH0 d 4 BATRAIq %001 w0 pysodwoy g -y A \JHoU GE Y]
d5L40d d 0ot 2ATeATQ %00L azod poysodwoy g8 -3ny 1 |nos gg I
(£€) 0661 cospweI]
ueg yo wog
IL d ¥oL A sAfEAl] %08 2105 pajisoduro) 0692 qsodwe)  gog w1d LaeN puers| arnsear],
1L d g A aapealq %05 az00 paysedwo]) 06 924 soduwo)  gog @i LaeN pueis] aImsesi]
1L d 6'€L A aaTRAIq %05 azo paysodimo) 0649 osodimony  gogsetd Aaep pue(samseal],
L d rAAR A aAeAlq %05 ag0n payisoduro] 06 a4 g -sodwony oG rid Laep puers]aamseas],
1L d ¥'8L A aApRAlq %08 azo> papsedure) 06 G2 ysoduro)  gog 221d AaeN purers] amseazy,
IV OV Ll N sATEAIq %001 a0 paysodwod 06 -9 i ayrs TesodsTp Zeneafy
L d €% A BaTRAIq %001 axeo poysodwo)  06-4Rd g-sodwoy  gog 3oud Aaep pue(s]2Inseal],
1L d 1% A asealq %001 azo> poyisedwol 0692 Q-sodwo)  gog wid Laep pues]aInseal],
1L d 974 A aafeAIq %001 az03 payseduio]) 06 A1 o sodwo)  gog Wid LA pues] armseal],
L d 8T A 2ATRAIq %001 alos pajsodwtol 06 4Rd g-sodwo]  goc @i LaeN pirersamseary,
1L d ST X 2ATEAL] %001 azoo poysodwo) 0699 vsodwop  gogid AarN pUels[mseal],
(2¢) aseq TeaeN
-!HN—WH aﬁaﬂuh.
oo qIVD 59 A aaTeAry %001 s100 papsodumo) 06-1dy v ay1s resodsp yreng zeumbie)
NNsIns d 1'ss aATRAlq %085 at00 paysodmoy 06 -1V Z'Pes T U0mRIG
NNSINS d SOE aaTealq %0E 2100 poptsodaro)) 06 -dy 1p5 1 UORO2G
NNSINs d T'66 A aaRAYq %00l azon payodo)y 063V 795 T uon2ag
NNSINS d YA/ A aA[RAlq %001 a1oo poysodwo) 06~y 195 { uomoag
(1€} Pywey) YSnols unsng
o oY\ 66 A sa[eAlq %001 atoo paysodumo)  68-22(1 o™ ay1s Tesodstp Zenjesty
LNOHDI d 8% aaTeAlq %05 st paysodwo)  68-99Q T'Pe5 Z UoRR95 J0qIRH 300
LNOHOT d £y PATRALG %08 azo0 poppsodimo) 68900 1'Pa5 [ UOTP9G JoqIeL] WO
INOHDM™ d 66T A PafeAlq %001 a0 poytsoduzoly 68230 A T WOTPS I0gIRH WINO
LAOHDN d 001 A sAEAIq %001 awo papsodwod  68-99Q1 1P [ U0R295 ‘104 ey 2)00
NIHDTE d L 2ATRAIQ %05 2100 paysodmo) 68 -09(0 ¥PIg ¥ UoTPag “JoqIEH W]
NIFDTE d 8'88 aAreAlq %08 aod paysodimo)  69-920 £ P95 £ UCR03G “I0q TP U}
NIHDRI d 96T BATEAI] %05 awd paysodwmon 68990 P35 T uonag J0q e ]
NIHDT d 6L aATeAl] %08 al00 paysodimo) 68220 135 1 UORYaS 20q eF] Juu]
Gnﬁaaﬂsﬁou
(N) 3tH oN RUWIPoS
uoiBsy Aeydusg wopRzIpERg [RuMLICUqE o JATEATT HAY 3TH adAy pepuadsngro | adi1 (‘ON J24)
oydexdoany  parseq JAaepow o podiydmy wesyudis Lesseolg sopadg podiydmy apdureg s UoIRIS uoReIo]/A3AIng

A-12



NnH d €80 N aaealq %00L 2100 paysodimo)) £861 L ¥ PopAig Junog s@mE
I0USHQ  BIOYSHO) oL N podrydure  smudxodeyy  agoo pojpsodunon 2861 JIOYSHO 9)1S DUDIST JIOYSIIC
NNH d 99 A vodmydure  smufxodeyy  ado2 peysodmo) 4861 L ¥ poplaq Juog spmy
©9) ¥>Poplia
WO SINUNH
o L o)\ £€E X aaealq %05 a10> pepsodwio)y g Iep /93 oY ays [esodsip zeqeory
AIOUSHO  MAOHSIIO 48 A saeAlq %05 100 paysodwio  gRTEW /93] 2I0USHO aRRRPY SI0YSHO
PIADIRO d 4 A anfealq %505 awod pepsedimo])  gg Tepy/92d 9y 9'Gp JOqIeE] APPIN
PIAXEO d VA LA aafealq %05 auod paysodize]  gg ep /9P € £ JoqmeH STPPIA
PIAYPO d LW A aaealq %09 a100 papseduie]  gg e /9Rd zn T P\ [ J0qIeE] 3P PIN
o L4 o1 0s BALRAIG 2001 az00 paysoduie]  gg FeN /92 ) 4 o315 [esodstp zeneoy
2I0USHO  HAOHSAAO £l aafearq %001 aton popsedmely  gerep /gl AXOUYO DUNRRY AIOUTIO
PIA{EO d 95 A aapealq %001 10> paysoditony 9@ FeN /g9 9'5% 9’G ' J0qTeH JPPIA
PO d €08 A aafeAlq %001 azod pajisodimo) g Tep /92 € £ 10GTeH 2PN
PO d €99 A dATRAIq %001 az0> paysodimo] g8 /98] A T e | I0qIeL] SIpPIN
. (5€) JoqreH] J[PPIA PUEDEQ
IV o \'4 il aafeAlq %05 a10> payisodwro] gy FRN /99 € e [esodstp zeqeopy
TIOHSIHO TIOHS440 €1l aafealq %08 az02 paysodwmo])  gg Fe /994 z 3118 SRR 2I0YSHO
ANV d ¥ aaTealq %08 220> poytsodizto]) g8 Fe /994 4 TpIATELY
o1V v £€E safeAlq %001 270> paysodwoD gy TeN/9Pd £ 2315 esodstp zeney
TAOHSIIO TICHSAIO 6 aafealq %001 o103 poysodite)  gg SR /AR z 218 20URIAPRI DIOYSIIO
ANV d 159) N 2arEAlq %001 2102 payisodwoD g8 Fe/9Pd 1 epourely
(¥6) SYN Epawrely
ASI¥Od d 1 2arRAIq %08 10> pajisodwony g -Sny [t 6 BL
As190d d £0 aaealq %08 az0> paysoduwro]) 68 -Bny [} proxdde qnos §6 5]
ASINOd d €0 aaTealq %0g azon pepsodmo)  gg-Eny ol 0 21d
ASINOd d 0 aarealq %08 2102 papsodmony g -Any 6 0z @1d
4SI¥Od d € 2ATeAIq %0S at0> paysodurod  gg-8ny 8 ¥ g JaL]
ASTHOL d €1 aafeAlq %05 ato> pajsoduro)  gg-Sny Z 1903 g 201d
ASTAO d £0 aATeAlq %08 azo> paysodimoy g By 9 \proadde yiaou p6 21g
ASI¥Od d 18 3ATEAq %05 ai0> paysodimoy g -Sny s prozdde year) ste(s|
481490d d g 2arealq %09 azo> payisodurod g -Bny i4 pIoq §6 21
ASINOd d g 2arEAIq %05 10 papsode) g -Iny € IoyemALIIq JEyM /ST
ASIHOd d ¥ aAfealq %08 ato> paysodurony g -Sny 4 HOU 5¢ 3L
ASLHOd d LE aaeaq %05 a0y paysoduwred g -8ny 1 1nos g¢ BIg
Y o 0oL darealq %001 azo2 payisodwron g -Bny o)1 esodstp zenry
ASI4O d £2 aATEAq %001 azo> payisodwmoly g -Bny u 62 B
451404 d t aafea1q %001 azox paysodimely g -Bay 1 ypeordde \pnos 16 2]
AS1MOd d 9 aafealq %001 azoo papisoduro) 6 -2ny 0L 04 B
451404 d ¥6 2areAlq %001 a103 payisoduroy g -Sny 6 w© R
ﬁOﬁFS..—Uu-.—OU
uoiBay (N) ITH oN uawipas
siyderfossy anseg spupya)  /Areyow o podiydmy  yueoyuGrs  Lesseorg sobpadg podiyduy ardweg ey uones uoyeIo T ArAIng

A-13



TIVIN d 8 N dATEAI] %08 wo> poyseduro)  z8 -9 € £t 2P
AV d €46 N FATeAl] %09 wos paysodwo)  £g-°Q z T#oEN
VD qvD 166 N aATRAl] %001 azoo papsodwro) g -PEQ o a11s esodsip zeumbrey
TV d €86 N aaRAIq %001 200 paysodme)d 2801 € £ 2Ie
TV d €26 N aAAlq %001 a0y paysodwo) g -0a(1 z TH AW
{0%) si1sdppuy puzjs] 3
oWV o) |4 L8t aaleAlq %05 auoo paysodwioD  68-93Q o\ ays resodstp zeney
ASTA0d d 'y SATRAIq %08 al paysodmo)  68-99Q1 £°P3g yPar) serst BO
5190 d €l aajeAlq %08 azo0 papsodwo]  6g-02Q 1 P35 O SEIST O
W oy \'4 1% X aATRAL] %001 awo paysodimo])  68-92Q1 o a}1s [esodsip zenely
ds190d d 00t N aaTEAlq %001 agoo paysodwoy 6829 £P25 1 SIS JO
AS1¥0d d ¥iE A 3aTEAlq 5001 2100 paysodumo) 68231 17995 B3I SIS HO
{6€) 5 pue 0g s191g
qvD AVD 9 saTeAl] %05 azo0 pepsodmio) 6 -AON qvd atis [esodstp zoumbire)y
%05
arep d 8T aATeAlq| %08 aoo poysedwio)) 68 - AON g »ddn
aTep d N sA[EAlq %0¢ azo paysodimo) 68 - AON g w=ddn
e d &4 dA[RAI] %05 ato> pajisodwmo] g8 - AON ¥ PPN
A d YOE aAfRAIq %08 a0> paysodmo]) 68 - AON € STPPIN
arey d ¥'9E 2a[eRAIq %08 a0 poysodimo)  4g- 40N z Moy
anepy d T0E aaEalq %05 alon paysoduiony) 8- AON 1 Moy
v qVD 60 aafealq %001 arco paysodwio] 68 -AON qVD ayis Eesodsyp zoumbre)
aTepy d T A 2aTRAYq %001 azon pajpsodumol 6@ - A0N 9 nddn
arepy d £16 X 2aTEAl] %001 azo> payisoduro) 68 - AON g nddn
arep d 9'66 A aaTeAIq %001 at00 papsodwo) 68~ AON ¥ PPN
arep d r4 72 b3 sATeAlq %001 at00 papisodmo) 68~ AON £ APPIN
N d o A JATRAIY %001 aj00 payisodwo] 68 - AON r4 Tamor]
atepy d <86 A 2ATeAlq 001 azoo paysodwmol 6@~ AON 1 Mo
(BE) IENS PUR]S] AR
JOUSHOQ  2I0YSTIO £ N aAEAl 4001 alo0 paysodne]) /g T aI0YSIIO 1S 20U OUSHO
NOH d oot A 2aTeMq %00L azoo paysodwmo) 48 - DM E £ 3uiog sIjuny
NOH d £ N aATeAlq %001 a200 paysodwe] /8 W rddn g £ U0 SBRME
NNH d £€ X podydure  smufixodngy o> paysoduod /8Tl MO £ € N0 SPRME]
NAH d €5 A podydwre  smufixodsyy a0 paysodwo)d /8 TR »ddne £ JUI0] SIOIUME]
nhnu uﬂu.ﬁgﬂm
o] s1ajunyy
ﬂaﬁ!nﬁuﬂou
{N) I oN WP
uvolay  Awydge] woneziueg  pevmouqe % oAl /(R)WH  adAL papuadsng 10 ad{y, (oN ‘720)
siyderBoan  pnseg o uigip)  plaenow & podiqduy  pneoiulls Aesseolg ssbadg podiyduy apdwreg eq uoIEls uopeso/AsaIng

A-14



v #YD gl N anrealq %001 atoo papsodimoy 06 -qod v ayrs esodstp zoumbres
IRIOVd d 661 A aafealq %001 atos poysodumo)y 06 g2 £ Aeg ojqed weg
IRV d YA 4 x 2apeAIq %001 a0 paysoduo) 0693 z Aeg olqed ueg
SOV d ¥'5C A 2a[RAYq %001 atoo pypodmo) 6924 4 Leg olqeq ueg

(1) 1014 Arauygay syped

avo v reL aATRAIq %08 aod poysadwo)y 6 -Am[ qvo ayys [esodostp zoumbier
TVOONN d 9'6L BATEAL %05 wod puodwmo) g6 -Amf ¥ ¥ vaxy ‘oapoy po
TVIONN d 561 aATeAlq %05 a0 pymodme) 06 AW z eIy ‘03poy Jjo
TVIONN d 96 2aMRAIq %08 azon paysodwoy 06 -Amf 1 1 a1y ‘0apoy jo

: v ) qVD g'8L aateArq %00L azo paymodime) 6 -AmW[ AVD 115 [esodosTp zoumbre))
TVI0NN d 98 asfealq %001 awo paysoduroy 0 -Amf ¥ ¥eory ‘0opoy yjo
TVDONN d 134 aareAlq %001 aton paysodwo) © 06 -4 z Z vaIy ‘oopoy po
TVIONN d 6 aafealq %001 asoo paysedimo)  pg -4 1 1 woIy ‘0apoy jjo

(€P) reurumay,
INTIVIA TYDONN

g\ oV £LL FATEAL %05 a103 pajtsodwro]y 06 -uef v 218 fesodstp Zeneopy
1NOMvVO d T8l 2aeATq %05 2100 paysoduo]) 06 -wref o'’y J0qIEL] BINO
1NOMVO d L aarealq %08 az00 pysodio] 06 -re[ £ I0QITH RIRG
1NoMvo d Tl BATEAIq %08 az0 pajsodino]y 06 -we[ I JOQIRE] RN
NBIVO d su aaeAIq %05 at03 paysodwro)y 06 -we( s Toqre}] sy
NDIVO d £8L safeAlq %05 203> pajsedwo] 06 -ure[ ¥ I0qIeH Jan]
NDIVO d 611 safealq %05 2100 pajsodimo) 06 -ref £ 20qIeH J2UM]
NDIVO d L aaTRALq %05 210> paysedino] 06 -wef T IoqIeR] sauu]

oy \'4 oW 9'sl A aaTeAlq %001 a0 paysodwon 06 -uef oV ayrs [esodstp renesy
100MvVO d 9% A sareAlq %001 2103 payisoduro)) 06 e[ o'y IoqIeH] 20
1NoMvVo d i - N aATRAlq %001 2200 pajsodimo]y 06 ~ue[ £ Jo¢IeH RING
INOMVO d gL A aaTRAIq %001 2100 pajisadimo]y 06 -we[ 1 J0QIEH J2ING
NINYO d ¥'6 N BATRAI %001 2100 paypsodiae)y 06 -wef ] Joqrep] ouu[
NIMVO d 6¥l N ATRATY %001 2103 pajsedme’ 06 -ue( ¥ JoqIef] 1auny
NDIVO d 6l N aaleArq %001 2100 papsoduno]y 05 e[ £ IoqIef] TouM]
NDIVO d 6LL A aarealq %001 az0d pajtsodwoy) 06 -we[ z1 JoqreH Tawuy

(2¥) 10q1e} puepeo
NIHDR d 9L A vodydure  smufiodnyy | wa0> papsodwe)  9g09Q/A0N T 20qTef] IHUU] pUOUnpPR
NI d g€ A podmduwre  suufixodiyy  az00 papsodimony g9 u(I/AoN 1 Puwel) 9] e
(I¥) puowyanip 4 Tjues
qvD UVD 86 N aaeAlq %08 210> paysedwo)  zg-%9(] qVD ayis [esodstp zoumbee
UOLe U0
: (N} TH oN JumLpag
uofay  Aiydpeg  uomezimay  Ewmouge sy oaleMy A MH *dAL pepusdsng 1o adf1 ) {'ON ‘Jo¥)
swyderfoasy  anseqg sumyn  fgenow o podiydwy preoywlls Aessvorg sswads podmidmy apdweg Hea uoIEls uogeodoaimg

A-15



o ' OV SEl N dATEAT] %001 aroo paysoduwto)  gg-1das g\ 1S resodsTp Zenealy
LNONVO d g9 N aatearq %08 azor paysodwron 68 1dag q g uoneis
LNOMVO d 141 N aarealq %408 a0 payisedwmo) 68 -1dag \'4 v uonelg
LOOMYO d L't N 2ATEALq %001 a0 paysodime) 68 -1des q  uoneis
INOMNVO d €L N aaeAlq %001 a10> paysodwo) 68 -3dag v v uon®g

(6) spunop
10qIeH 19MQ PUEPEO
oV oV 66 N unym %001 azos peysedwio  05-99d o ay1s [esodsp Zenes[y
1a0MVO d £96 A uppam %001 azoo paysodwmo)y 6 -qad El YAT-191 suonas
LNoMvO d £96 A unpam %001 azoo popsodwod 06 q°d a PAL-1C11 SUoRwS
INOMVO d L8E A unpan %00L azo> papisodwred 06 -42d o) ¥OL-1D1 SuoRwlg
1noMvo d 26 A uppPan %001 azoo paysoduro) 06 -4 a4 yaI-14]1 suonels
I1N0AVO d 86 N unpm %001 a0y poysodwo) 0693 v F21-18] SUOREIS
(8F) 1€ ‘0¢
n-—ﬁﬂn Vp-ﬂ—u—mo

IV IV LL N aarealq %001 2100 papsodimony g9 -ades IV ay1s pesodsp zenwly
1AOMYO d ¥ N aareAlq %05 a10o popsodwrey 68 -1das 9'p 0Z g
1NOMVO d 971 A 2ATEAIq %05 agos poysodwoy 68 -3dag €1 0z g
LOOAYO d v'e N BATRAIG %001 azo paysodwmo) g8 -ideg 9y 0z g
LNOMVO d gL N aaTeAlq %001 azo> paysodimony 68 -1deg €1 07 NRg

(LF) 0T Hag pUepEQ
oV OV LL N aaTeAlq 2001 2100 payisodwmo) g8 -ydos o\ 218 Tesodstp zeney
1NOXVO d F N aATeAlq %05 azoo paysoduto)d 68 -1da5 1 yeg
1NOHMvVO d 92 N aa[eAIq %01 o100 paysodwroy g 3dag 1 1Ty
(9F) LT Y324 PUEp{EQ)
qvD "YD L N aaTealq %08 2100 paseduto]) Y/N qvo ay1s Tesodstp zoumbae)

v "YD L N aafealq %001 100 payodizo]y ¥/N qvo 2118 [esodstp zeumbreD)
IOV d I'eL A aaTeAlq %05 2103 pajisodwo]y V/N 1 Aeg olqeg wes
J290vd d T6l A saTeAlq %00L 2103 paytsoduro] V/IN 1 Aeg olqe  ueg

(57} 131d Araugay sypeg
qvD qvD 91 N 2ATRAIq %09 - o> paysodmol g6 a4 qavo ays [esodstp zoumbre)y
JRIDVd d Al A DATeAIq %08 a10d payisedwoy 05994 € Aeg ojqe ues
SOV d g'sl A aarealq %05 a0 paysedwo) 06 4 z Aeg ojqed ueg
ARDVd d 861 A aaTeAlq %08 a0 poyisodimoly 06 q2d 1 Areg olqe weg
ﬂDm.—NH—ﬂQUﬁOU
(N) MH oN jewipag
uordoy Loydwog uwonezinrag [EULIGUQR % SATPALT R vH ad{1 papuadsng Jo adLy (‘oN 2%}
aiydeiBoan  anseg puiyan  Anepow o, podydury eyl Aesseolg sopadg podpydmy.  asidweg e uones uONEI0TAIAING

A-16



DIV oy 1£4 N  podydoe  smufxodsyy  axo paysodwo) g -oumf og\4 ays [esodstp Zenyeoly
svavns d gL N podnydure  suyufivodayy a0 paysodwol  gg-oumf a yBnoig adnfepens)
svavno d 57 N  podndure  suwdxodoyy  azoo popsodwon;  gg-oum| o) u@nos =dnepenn
’sVavno d rd N podydure  smudxedayy  asox paodimon g -oum[ q y8noyg adnrepenn
1svavne d ir4 N podyydwre  smmAzedayy  adoo psyisoduro)  gg -eumf v yBnois wdnepens

oV o LU A aATRAl] %001 at00 papsodimo)y 6 -aumf IV )55 [esodsTp Zeneoly
BYAVID d 686 A FATEAI] %05 100 paysodwo)  6g -oumf a yEnoig adnfepens
BVavno d ey A BATRAI] %05 a0 papsodizo)  6g -aum[ D y2nojg adnpepens
sYavno d A p JATeAIq %08 a100 poyisodmo)y 6 -oum( | y8noig adnpepens
BYAVND d <86 A aATeAlq %08 a1200 paysodwoy 68 -oumf \'4 y&noig adnpepens
BVaAVND d 828 A aaTeAlq %001 azo0 payisodimo]y 6 -oum( a - q8nojg adnyepens
sVavno d 286 A dATRAI] %4001 a00 paysoduro)y 6 -y D @nois adnpepenn
sYavno d L6 A EIN NG %001 a100 paysodwoy 68 -oumf 1 y2nojg adnepens
sVavno d 0oL A aAMeAlq %001 a100 paysodwoy 68 -oumf \'4 y2nojg adnpepens

(£9) y3nojg sdnepeny

o\ oy A 0 N 2aTRAlG %001 azoo poysodimo;  gg-dey OV 2y resodsIp Zenedy
SYavno d €89 A daTRAI] %05 az00 paysodimo)  gg -Aely a " y#noig adnpepens
SVaAvND d 001 A dafeAl %085 azoo papsodiwony  gg-Aey o] y3noig adnppens
sVavno d 0oL A BATRAI] %05 agoy poysodimo)  gg-depy g 3noig adnpepens
wsYavno d 0oL A BATRAI] %05 azo papsodimo]y  gg-depy v y3norg adnpepens
svavno d 0oL A IATRAIG %001 azoo paysodimo) g -Ae a y2nois adnepens
svavno d 0oL A aaTeAlq %001 azo0 paysodwo) g -dely o] Bnorg adnpepens
1SVYavno d 0oL A FATEAI] 24001 ao0 paysodimony g -Aely m yBnoig adnpepens
SVavno d 001 A JATRAI] %001 arao popsoduwrony  gg -Aepy v yBnoig adnepens)

’ (T5) SYN PP HajJoy
oV v ¥EL A aATeAl] %001 az00 paptsoduro) 06 -wef DIV 1S [esodsIp Zeneory
LNoMvo d ral A BATeAI %05 a10> pajsoduron) 06 -we| z T
LNOMVO d gor A aaTeAlq %08 2100 paysoduro) 06 -we{ H -z vHeg
LNoMVo d ¥l A aaTeAlq %001 100 paypsoduo) 06 -ire{ z Fara At |
100AVO d 82 A aaTealq %001 az0> payisoduro] 06 -tref 1 1z Wg
(15) ZT yuogd puep(eQ
oV oy \ 4 %0599 A M %001 ao0 paysodiro) 06 -y v )15 [esodsp ZeneaTy
1noMvo d €15 A umpm %05 a100 papsodwmo) 06 -ady ge §€ neg
100MvVOo d LEL N umpm %001 at00 paysodwoy g6 -ady 8t g€ \paRg
. (05) B¢ Mg PUepReQ
- ﬁOm«EaEUUEDU
(N) ¥iH oN JuRIpag
uoilfoy Awydwog uorEzimmay [erIIoUqe o IA[CAIT JR) MH addy papuadsng 10 adiy (oN 'J°Y)

owderSoany  auseg

% WIyan

saneyom o podiydwy JueoryuBs Lesseorg  sopadg podiydury

apdueg

e

uones uoQedoY/AAing

A-17



SAVEOS q 98 N podydure  smuopsnoyog V/N 06 B -G0S PRy puwy) dssg
§-AVEOS d 19 N podmdure  smuosumjoy V/N 06 -TeI /e aouempEy Y8noig Amo
S-AVEOS d S N  podydure  smuogpsumjoy V/N 06 -1 e “pas arepsiy
§AVE0S d 88 N aayealq %001 V/N 06 -TeW €T afrepsiq
SAVEOS d vz N aATeAlq 9001 V/N 06 -Te Fi/E a1 yBnols Ao
S-AVEOS | Tl N aATeAlq %001 v/N 06 TN cgs ‘pas asuawpY purey dasg
ads g 2l N aATRAlq %001 V/N 06 -TEW €4 pas axuenpI feg 45
SAVLOS a s N pedydue viRAY ¥/N 06 Ty ¥ ‘o1 37em /7 Leg qinog
SAVEOS d €1 N podyydure TipieAY ¥/N 06 T oD Pas Yastp YENolS UeIsIpy
{95) @sof wes :vads
SAVIOS d o N podydure  smuhzodapy V/N 06 -uef A/ souszapl yBnolg Limop
S-AVEHOS a o€ N podndure  smudxodaipy V/N 0g-tref pigeis] sowmpy puuey) deeq
gdJs q i€ N podnpdure  smuhxoday v/N 06 -we( d owmpy Aeg 45
S-AVEOS q o N podydure  snuopsneyo] V/N 06 e[ 1585 sy Py daag
S-AVEOS d 6 N podndure  smuopsmeyog V/N 06-tef /T wwnRY Yinorg Amop
S-AVE0S d 9€ N podudure  snuoymmgpy V/N 06 -we{ i) “pos aBreydsiq
S-AVEOS d 861 N 2ATRAIY %00t V/N 06 -ue{ §TD aBrewpsiq
SAVEOS d yu N 2ATRAIq %00k V/N 06 e[ /ey auRmpRd y3noals Lxmop
SAVEOS q i N 2ATeAIq %001 V/N 06 e[ 5gs *pas svuampy pure daag
ads d TL N aatealq %001 v/N 06 -ue[ £ pos wwpI deg 45
S-AVAOS b L N  podmdure oA VIN 06 -we[ ¥ ‘o1 em /] feg inog
SAVEOS d 9 N podnpdime vipAE V/N 06 -ue[ 1D pas 281epstp YBnols WMy
(s5) as0f weg :y¥(IdS
SAVIOS d 1€ podpydure  smendxodaiy V/N 6810 TE/TH au2mRp yBnels AImop
SAVEOS | 8¢ podnydure  smudixodayy V/N 68-P0 1-ds wunpy P dwag
ads q gL podmydure  smudixodainy V/N 68P0 £y wuampy Aeg AS
5-AVE0S d sy X podmydure  smuojsnomoy V/N 68-PO [2°g ™) aBrewpsig
SAVAOS d z N aATeAlq %001 V/N 6800 T afreypsig _
SAVEOS d 4 N aaTeAlq %5001 V/N 68 -PO FH/TY paseouampI YBnols Amop
SAVADS m €0 N aaTRAlq %5001 V/N 68 -0 565 “pos sxuBmpY P das(
ads q g€ N aaTEAIq %001 v/N 68 -0 £d pos wwppI ieg 45
S-AVEOS PA g N  podnydume vipRAE V/N 68 -PO i Jou Bjem /3 Keg 1pnog-
S-AVA0S d st N podpydure pRpAY V/N 68 PO oD Pas PSIP YBnols werselry
(§5) as0f weg iy A4S
:c_uﬂuuﬁvu..-ou -
(N) 31H oN uawipag
uofloy  Aeydpeg uomezIIHaj  [PVmOuUqe % 2A[RAI g adAy papuadsng 10 addy ('oN '1°¥)
smgderSoany  anseg s ugn  jArepou o podiyduy yweoynfis Aesseorg svpedg podiyduwy  apdwreg aea uorpels uogesoyAdaIng

A-18



&aﬁ.ﬁ,

$AVIOS d ot N podydure  smudxodngy 06 -e[ 15D
S-AVEOS d o N podydure  smufxoday 06 -wref Fog: aowmmpI ydnofs 1Mo
SAVIOS g 05 A podmdure  smufxodayy 06 -re[ cas aowmyar purey) daacy
ads g e N podwydure  smufixodayy 06 e[ € s Aeg cospuely ueg
SAVEOS  d € podydwe  smuojenzyog . 06 -tref &1 oBrapsiq
5-AVIOS d o podnidime  smuopsmoog 06 -ire[ g axpmpt yBnors Lmop
SAVEOS q o N  podydure  snuopsmmog 06 -wef ods eyl ) dsaq
S-AVIOS d L N aaTeAlq %001 06 e[ 1D aBreyosi()
5-AVIOS d ¥T N sATRAg %00L - 06 -we[ S asuampl yinols 1mMoW
$-AVdOS q zu e PATEAIQ %001 06 e[ 5ds aouaIRjal P daa
4ds q TL N 2ATRAIq %001 06 -we( X 20wRRpI Aeg cospuel ey
SAVIOS d 6 N podnydie BIpAY 06 -uef (ixan] Uy YBNols osAlY
sVavno d 9 N podnidwe vjRAE 06 -we[ 1D Puweyp yinog adnppeny
(65) oeafuung :vads
SAVAOS d TE N aaTRAlq %001 06 -Tey gus a8repeip 1 yEMIED
SAVEOS d §g N aATEAIq %001 06 -1 s PmrAp yInos pRyAe
SAVEOS | £ N 2ATEAI] %001 06 -Fe 1S 7S 93pug voequm] Jo ypou
SAVROS d g'op A podydwre  smuogsmoyoy 06 - £ws aBreps1p 18 qEMIED
SAVEOS d St A podmydwre  smuogsnegog 06 - zas PuwEp yEnos pRyse
SAVEOS g glIE A podnydure  snuopsmayoy 06 T 1ms  yas 28pug uoirequmg jo ypou
SAVEOS d ggl N poduydwe  smufxodany 06 e £1as #BrewpsIp je yrEemED
SAVHOS d £ N podiduwre  sufizoday 06 W z'\os Puuey y3nos pRyse
S-AVE0S q ¥ A poduydure  smmAxoday 06 - 1ms  pds '28pug uoprequm o ypou
(g6) asof weg iy(Igs
SAVHOS d gz A podryduwre  snuopsmoyoy 06 e[ €05 aSrepsip Je yEMIZ)
S-AVEOS d g N podmduwre  snuoisnmioy 06 -wre[ Z'5§ Py y3nofs pROAen
SAVEOS a 9 X podnydure  smuojsnpyog 06-wre| 1'm§  pas ‘a8pug uoyrequmg Jo yHou
S-AVEOS d [y ps podnidure  smuhxodayy 06 -ref €ms aZreypstp Je yreme)
$-AVEOS d 74 A podnidure  smuuhxodayy 06 -re( rA T puuey y8nops prgie
S-AVEOS | 9 b3 podnidure  smpuhxodayy 06-tref 1'mg  ¥gs a8pug uoyrequimg jo you
SAVEOS d g0 N aATRAIq %001 06 -uef £'ng aBrewpsip je EMIED
S-AVEOS d 0 N saeAlq %001 06 -we[ Twms puuEep yinofs ppyiey
S-AVEOS ] £0 N aafeAlq %001 06-wef 1'ms  pas #8pug uoprequmcy jo yuou
(£5) as0f weg 'vQds
S-AVE0S q L N podmdure  smuhxodngy V/N 06 -F I-aas mmppy pure) doag
45 1 62 N  podmdure  smufixodnyy V/N 06 -RW o oy Aeg 45
..—O.ﬂm.::wu—-.uu
. (N) ITH ON JudMIpag
uoiay  ALwydusy uowezipuag [ewiouqe % safealg HR) NH ad{y papuadsng yo adir {‘oN Jo1)
apydeiBoan puiseg s, unpan  Aepow o podipdwy jueogudis Lesseorg semads podiydury ardweg e uonRls uogeso/feaing

A-19



s[od0301] pumog 18n = dsg
Jqe[TeAR JOU Bep = V /N

woayzn jjaji] =z)ajeAE

SHIDRIS? SHLLOISNEYOT =SNLioISNEYOT
sripuoiqe smufixodany = snufxodnny
SeATE[ UTPIM = UNPM

srAle] 23540 0 9SS = 3ATeAIq

yBnolg adnpepens) = 1SVAVND

pop Jumey 2gped = IOV
0apdy 0P Te2oun) = TYIONN
y8nofs Aeg unsms = NINSINS

(RTI] e 1PESg ISM) [oQuoD = 11D
. 2A0D) OISED = 5VD
IogIeH NG PUOWR = LAOHDTE

30QTe] JUU] PO = NIHOD

PNy JOqRE] PUOURPRI = HOM
SIPOP COSPURL] UG JO 1104 = ASTAO
JrEns puels] axepy = GIVIN

e W0 = QWL

a5 Tesodsiq Leg ojqed Wes = 50145
2115 resedsiq zeumbre) = 2yD
a)15 resodsiq zenwary = IV
PUUELD YA pooMpRY = (T
Kemaep YOIy STEIST =STV 15T
red wmpnos ‘Aeg [NOS=5-AVAQS
yed e ‘Aeg Ynos =D-AVAOS
wed wipou ‘deg 1Anog = N-AVEOS
250 [eARN JUI0] SBIUNE] = N1H
a5 [PARN EPRUTRTY = NV

aseq TeARN pUe(s] amseal] =[],
deg sapewmo] =41,

Aeg oqEwms = 445

Leg renweD = NED

0qIEY PP PURR{e]) = AINMYO
J0QIELIRING PUERRQ) = LAONYO
10qIeH U] PUEPEQ = NDIVO

SAVIOS Fl 1t A podnjdure  situAxodaygy 06-Te <ds 20U pel]) das(
d5 | 87 N  podndure  smudxodsyy 06 -T2l £q 20uaIgar Aeg 00spURL] Ieg
SAVIOS d 98 podpdure  snuopsnmyeg 06 T 1D afmpsiq
S-AVEOS d 12 podnpdure  snuozsnzyoz 06 Yoy zq asuempI Y3nors AImop
S-AVEOS q 9 N  podydwe  snuopsmmog " 06 e ogs aousmpal puuer) dea
SAVHOS d 81 N sATEAIQ %001 06 -TE £1-0 _9Zrewpsiq
SAVEOS d ¥ N 2A[RAIq %001 06 -TeW | 2wl yBnols AImop
S-AVEOS q Tl N saEalq %001 06 - ods 2ouazaper Pue) deag
ads | 91 N aA[ealq 26001 06 -TeW | B eg 03sDUEI] Ueg
SAVE0S d 8 N  podydure BIR[eAE 06 ~TeW 0Z2 PrEyR y8no[s ospary
svavnes  d A N podydure eIRIpAL] 06 e -1-0 PuEp yBnofg adnppeny
(09) areaduung :vqas
UOGRIUINI0D)
(N} IH oN JuauIpag
uordey Laydusg uonezippagy  ewouqe g eAeAld  ANNH wdiL papuadsng 10 adAy, (oN 79¥)
snyderSoony  anseg s unan  Aepow o podmjdwy weopmulis Aesseorg sopods podiydwmy  apdueg aeg UonElS uogesohsatng

A-20



10.

11.

APPENDIX A
BIBLIOGRAPHY
Long, E. R. and M. F. Buchman. 1989. An evaluation of candidate measures of

biological effects for the National Status and Trends Program. NOAA Technicat
Memorandum NOS OMA 45. Seattle, WA: Ocean Assessments Division,

NOS/NOAA. 181 pp.

United States Navy. 1987. EIS: Homeporting battleship battlegroup/cruiser
destroyer group: Technical appendices. San Bruno, CA: United States Navy
Western Division, Naval Facilities Engineering Command.

Chapman, P. M., R. N. Dexter, S. F. Cross and D. G. Mitchell. 1985. A field trial
of the sediment quality triad in San Francisco Bay. NOAA Technical Memorandum
NOS OMA 25. Rockville, MD: Ocean Assessments Division, NOS/NOAA. 134 pp.

Word, J. O, J. A, Ward, C. W. Apts, D. L. Woodruff, M. E. Barrows, V. Inc.
Cullinan, J. L. Hyland and Campbell. 1988. Confirmatory sediment analyses and
solid and suspended particulate phase bioassays on sediment from Oakland Inner
Harbor, San Francisco, California. Contract DE-ACO6-76RLO 1830. Richland,
WA Battelle Pacific Northwest Laboratory. 251 pp.

E.V.S. Consultants, Inc. 1989. Chemical characterization and bioassay testing of
sediments from Redwood City Harbor. E.V.S. Project No. 2/274-09.8. Sausalito,
CA: E.V.S. Consultants, Inc. 57 pp.

Environmental Science Associates, Inc. 1988. Dredge sediment evaluation Point
Molate fuel pier, Richmond, California. San Francisco, CA: Prepared for: U.S.
Department of the Navy Western Division, San Bruno, CA. 14 + appendices pp.

U.S. Army Corps of Engineers. 1987. Oakland outer and inner harbors deep-draft
navigation improvements. Draft design memorandum number 1 and supplement to
the Environmental Impact Statement. Alameda County California. San Francisco,
CA: U.S. Army Corps of Engineers, San Francisco District. 265 pp.

McPherson, C. A. and E. A. Power. E.V.S. Consultants, Inc. 1989. Chemical
characterization and bioassay testing of sediments from Pinole Shoal Channel.
DACW07-88-D-008. Seattle, WA: Prepared for U.S. Army Corps of Engineers,
San Francisco District. 14 + appendices pp.

Power, E. A., C. A. McPherson and P. M. Chapman. 1989. Chemical
characterization and bioassay testing of sediments from Mare Island. Prepared for:
U.S. Armmy Corps of Engineers, San Francisco District. Seattle, WA: E. V. S.
Consultants, Inc. 55 pp.

San Francisco Port Commission. 1988. Maintenance dredging testing resnits. San
Francisco, CA: Port of San Francisco. 160 pp.

Power, E. A. and P. M. Chapman. 1988. Analysis and bioassay testing of

sediments collected from Richmond Inner Harbor. E.V.S. Project No. 2/274-08 4.
Seattle, WA: E.V.S. Consultants, Inc. 101 pp. ‘ :

A-21



12

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

Power, E. A, and P. M. Chapman. 1988. Analysis and bioassay testing of
sediments collected from Oakland Inner Harbor. E.V.S. Project No. 2/274-08.2.
Seattle, WA: E.V.S. Consultants, Inc. 100 pp.

McPherson, C. A., E. A. Power and P. M. Chapman, E.V.S. Consultants, Inc.
1989. Chemical characterization and bioassay testing of sediments from Oakland
Harbor. Prepared for: U.S. Army Corps of Engineers San Francisco District
Contract No: DACW07-88-D-008. Seattle, WA: E.V.S. Consultants, Inc. 76 pp.

McPherson, C. A., E. A. Power, and P. D. S. Grindlay. 1989. Chemical
characterization and bioassay testing of sediments from Richmond Harbor. Prepared
for: U.S. Amy Corps of Engineers San Francisco District Contract No. DACWO077-
88-D-0008. Seattle, WA: E.V.S. Consultants, Inc. 83 pp.

E.V.S. Consultants, Inc. 1987. A chemical and toxicological evaluation of
sediments from San Pablo Bay. Prepared for Chevron Environmental Health Center,
Inc. Project No. 2/320-01. Seattle, WA: E.V.S. Consultants, Inc. 69 pp.

Baumgartner, D. J. unpublished manuscript. Survey of contaminants in south San
Francisco Bay. Newport, OR: U.S. EPA, ERL-N, Hatfield Marine Science Center.

E.V.S. Consultants, Inc. 1989. Draft report of initial bioassay testing of surface
sediments for the City of Palo Alto. Prepared for: J. M. Montgomery, Consulting
Engineers, Inc. E.V.S. Project No.4/317-02.1. Sausalito, CA: E.V.S. Consultants,
Inc. 50 pp.

ToxScan, Inc. 1989. Toxicity testing of sediment collected in the vicinity of the
Sunnyvale Waste Treatment Plant. Prepared for: City of Sunnyvale. Watsonville,
CA: ToxScan, Inc. 23 pp.

E.V.S. Consultants, Inc. 1989. Chemical characterization and bioassay testing of
resample sediments from Redwood City Harbor. Prepared for: U.S. Army Corps of
Engineers San Francisco District. E.V.S. Project No. 4/274-10.1. Sausalito, CA:
E.V.S. Consultants, Inc. 70 pp.

MEC Analytical Systems Inc. Bioassay Division. 1990. Results of chemical,

' physical, and bioassay analysis on surface sediments from Berth 36 Port of Oakland.

Prepared for: Port of Oakland. Tiburon, CA: MEC Analytical Systems Inc. 65 pp.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analysis on surface sediments from Berths 30731 Port of Oakland. Prepared for:
Port of Qakland. Tiburon, CA: MEC Analytical Systems Inc. 126 pp.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analysis on surface sediments from Berth 23 Port of Oakland. Prepared for: Port of
Oakland. Tiburon, CA: MEC Analytical Systems Inc. 40 pp.’

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analysis on-surface sediments from Berth 24 Port of Oakland. Prepared for: Port of
Qakland.. Tiburon, CA: MEC Analytical Systems Inc. 51 pp.

MEC Analytical Systcrfls Inc. 1990. Results of chemical, physical, and bioassay

analysis on surface sediments from Berth 32 Port of Oakland. Prepared for: Port of
Qakland. Tiburon, CA: MEC Analytical Systems Inc. 51 pp.

A-22



25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analysis on surface sediments from Berth 33 Port of Oakland. Prepared for: Port of
Oakland. Tiburon, CA: MEC Analytical Systems Inc. 60 pp. '

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analysis on surface sediments from Berth 35 Port of Oakland. Prepared for: Port of
Oakland. Tiburon, CA; MEC Analytical Systems Inc. 81 pp.

Tetra Tech, Inc. 1990. Results of chemical, physical, and bioassay analysis on
sediments from maintenance dredging at the Naval Supply Center. Prepared for:
U.S. Navy Western Division. Lafayette, CA: Tetra Tech, Inc. 66 pp.

Power, E. A. and P. M. Chapman. 1988. Analysis and bioassay testing of
sediments collected from Oakland Outer Harbor. Prepared for: U.S. Army District,
SF, COE. E.V.S. Project No. 2/274-08.3. Seattle, WA: E.V.S. Consultants. 104

Pp.

Power, E. A. and P. M. Chapman. 1989. Mercury characterization and bioassay
testing of sediments from Richmond Inner Harbor. Prepared for: U.S. Army
District, SF, COE. E.V.S. Project No. 2/274-9.11. Seattle, WA: E.V.S.
Consultants. 21 pp.

E.V.S. Consultants Inc. 1990. Bioassay, bioaccumulation, and chemical testing of
sediments from Richmond Inner and Outer harbors. Prepared for: U.S. Army :
District, SF, COE. E.V.S. Project No. 2/274-10.3. Sausalito, CA: E.V.S.
Consultants Inc. 167 pp.

E.V.S. Consultants, Inc. 1990. Bioassay and chemical testing of sediments from
Suisun Channel Slough and Pierce Island upland disposal site. E.V.S. Project No.
4/274-10.5. Sausalito, CA: E.V.S. Consultants, Inc. 105 pp.

Tetra Tech, Inc. 1990. Results of chemical, physical, and bicassay analysis on
sediments from maintenance dredging Treasure Island. Prepared for: U.S. Navy
Western Division. Lafayette, CA: Tetra Tech, Inc. 88 pp.

San Francisco Port Commission. 1990. Maintenance dredging testing results 1990.
San Francisco, CA: San Francisco Port Commission. 87 pp.

. Shopay, N. T. and R. K. Tillis. Harding Lawson Associates. 1988. Sediment

evaluation Alameda Naval Air Station Piers 2 and 3 Alameda, California. Concord,
CA: Prepared for: Santina and Thompson, Inc. 90 pp.

Shopay, N. T. and D. E. Bruggers. Harding Lawson Associates. 1988. Sediment
evaluation Naval Supply Center (P-082) piers 4 and 5 Oakland, California. HLA Job
No. 13134, 012.04. Oakland, CA: Prepared for Vickerman Zachery Miller. 147 pp.

Marine Bioassay Laboratories. 1987. Chemical and bioassay studies in support of
maintenance dredging permit application #16685548: Drydock Four, Hunters Point
Naval Shipyard. Watsonville, CA: Prepared for: Environmental Science Associates,
Inc. 69 pp.

A-23



37.

38.

39.

40.

41.

42,

43.

45.

46.
47.

48.

Marine Bioassay Laboratories. 1987. Reassessment of sediment chemistry and
toxicity for proposed interim berthing of the Battleship Missouri at Hunters Point.
Watsonville, CA: Prepared for Environmental Science Associates, Inc. San
Francisco, CA. 53 pp.

E.V.S Consultants, Inc. 1990. Chemical characterization and bioassay testing of
sediments from Mare Island. Prepared for: U.S. Army Corps of Engineers San
Francisco District #DACW(07-88-DM-0008. Seattle, WA: E.V.S. Consultants, Inc.
26 + appendices pp.

Power, E. A. and P. M. Chapman. E.V.S Consultants, Inc. 1988. Analyses and
bioassay testing of sediments collected from San Francisco Harbor approaches to
Piers 80 and 94. Prepared for: U.S. Army Corps of Engineers San Francisco District
M/F: P.O. #DACWO07-88-M-0017. Seattle, WA: E.V.S. Consultants, Inc. 23 +
appendices pp.

Marine Bioassay Laboratories. 1987. Sediment sampling and chemical and bioassay
analysis of sediments from Mare Island and Carquinez (SF-9) disposal site, San
Francisco Estuary, California. Prepared for: U.S. Army Corps of Engineers San
Francisco District. Watsonville, CA: Marine Bioassay Laboratories. 48 pp.

Marine Bioassay Laboratories. 1987. Bioassay/ bicaccumulation assessment for
proposed disposal of dredged material from Santa Fe Channel and Richmond Harbor
Channel. Prepared for: U.S. Army Corps of Engineers San Francisco District.
Watsonville, CA: Marine Bioassay Laboratories. 41 pp.

E.V.S. Consultants Inc. 1990. Bioassay, bicaccumulation, and chemical testing of
sediments from Oakland Inner and Outer Harbor. Prepared for: U.S. Army Corps
of Engineers Project No. 4/274-10.4. Sausalito, CA: E.V.S. Consultants Inc. 165

Pp-

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
tests of sediments from the Unocal Marine Terminal. Tiburon, CA: Prepared for
Unocal Corporation. 56 pp.

MEC Analytical Systems Inc. 1990. Results of bioassay analysis on sediments from
the Pacific Refinery Pier in San Pablo Bay. Tiburon, CA: Prepared for Great Lakes
Dredging Company. 15 pp.

Anonymous. Sediment chemistry and bioassays for proposed maintenance dredging
at Pacific Refining Company. 14 pp.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analyses on sediments from Berth 21 Port of Oakland. Tiburon, CA: Prepared for
Port of Oakland. 53 pp.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay
analyses on sediments from Berth 20 Port of Oakland. Prepared for: Port of
Oakland. Tiburon, CA: MEC Analytical Systems Inc. 60 pp.

MEC Analytical Systems Inc. 1990. Results of chemical, physical, and bioassay

analyses on new project dredging sediments from berths 30/31 Port of Oakland.
Prepared for Port of Oakland. Tiburon, CA: MEC Analytical Systems Inc. 83 pp.

A-24



49.

50.

51.

52.

33.

54.

55.

56.

57.

58.

59.

MEC Analytical Systems Inc. 1989. Results of chemical, physical, and bioassay
analysis on surface sediments from three mounds in the outer harbor of the Port of
Oakland. Tiburon, CA: Prepared for: Port of Qakland. 63 pp.

MEC Analytical Systems Inc. 1990. Maintenance dredging of Berth 38 pre-dredging
sediment analysis report. Prepared for: Port of Qakland. Tiburon, CA: MEC
Analytical Systems Inc. 43 pp.

MEC Analytical Systems Inc. Bioassay Division. Results of chemical, physical,
and bioassay analyses of sediments from Berth 22 Port of Oakland. Prepared for:
Port of Qakland. Tiburon, CA: MEC Analytical Systems Inc. 54 pp.

Environmental Science Associates, Inc, 1988. Dredge sediment evaluation Naval
Air Station, Moffett Field Sunnyvale, California. Prepared for: U.S. Department of
the Navy Western Division. San Francisco, CA: Environmental Science Associates,
Inc. 77 pp.

Herman, J. M. and J. L. Cronin. .E.V.S. Consultants, Inc. 1989. Bioassay testing
and chemical analysis of sediments from the Guadalupe Slough. E.V.S. Project No.
4/317-03. Sausalito, CA: E.V.S. Consultants, Inc. 19 + appendices pp.

ToxScan Inc. 1989, Toxicity testing of sediment collected in the vicinity of the San
Jose/Santa Clara Waste Treatment Plant. Prepared for: cities of San Jose and Santa
Clara. Watsonville, CA: ToxScan Inc. 24 pp.

ToxScan Inc. April 1990. Toxicity testing of sediment collected in the vicinity of the
San Jose/Santa Clara Waste Treatment Plant. Prepared for: cities of San Jose and
Santa Clara. Watsonville, CA: ToxScan Inc. 29 pp.

ToxScan Inc. May 1990. Toxicity testing of sediment collected in the vicinity of the
San Jose/Santa Clara Waste Treatment Plant. Prepared for: cities of San Jose and

Santa Clara. Watsonville, CA: ToxScan Inc. 23 pp.

E. V. S. Consultants. 1990. Surnmary results and laboratory data sheets from the
second sediment bioassay testing for the Palo Alto Regional Water Quality Control
Board. Prepared for: California Regional Water Quality Control Board. Walnut
Creek, CA: James M. Montgomery Consulting Engineers, Inc. 36 pp.

E. V. S. Consultants. 1990. Summary results and laboratory data sheets from the
third sediment bioassay testing for the Palo Alto Regional Water Quality Control
Board. Prepared for: California Regional Water Quality Control Board. Walnut
Creek, CA: James M. Montgomery Consulting Engineers, Inc. 12 pp.

ToxScan Inc. February 1990. Toxicity testing of sediment collected in the vicinity of
the Sunnyvale Waste Treatment Plant. Prepared for: CH2M Hill. Watsonville, CA:
ToxScan, Inc. 26 pp.

ToxScan Inc. May 1990. Toxicity testing of sediment collected in the vicinity of the

Sunnyvale Waste Treatment Plant. Prepared for: CH2M Hill. Watsonville, CA:
ToxScan, Inc. 25 pp. '

A-25






APPENDIX B

SUMMARY OF SEDIMENT TOXICITY DATA FROM 1990
(ToxScan, Inc.)



- - - - - - - - - - AN IN z z £'86 66 [ ol ol
- - - - - - - - - - IN IN 5'¢ ¥ THLL Stk £ agl s¥1
- - - - - - - - - - IN IN ey s Ll gL [ v¥el j4d)
g - - B - - - - - - L34 N 5] [ T2t I¥T € 74} :4Y3
- - - - - - - - - - i8¢ AN 8'2 £ 6'¢s 801 ] al Lht
- - - - - - - - - - 26'8 AN 2'8 [ 2001 oLl £ Vil okt
B - - = = - = = - = 1520] TN TFI IT 52t 43 A1 ToT
- - - - - - - - - - 860 IN 2l zt 99 16 2 g9} 00t
- - - - - - - - - - £6°0 IN 961 02 588 921 H val 66
I~ G0FD (i3 22313 LTA3 z z a1 SV, Fit3 % N N vir (18 5L EOT H o5k B6
8010 6'0F Z2\6 161 g 4 ot LAY 1'e '8 IN AN iz e L) ZhL 2 ast 16
- - - - - - - - - - 19 AN §'91 12 g8 izt 2 e-v¥sl 96
- - - - - - - - - - 14 IN 02 9z 5'68 oEL 2 evsl 56
2110 05 g2t 054 I 0 oy gL\8 92 9 SO'E AN LD 02 £¥8 2zl g 4-vsi 6
F3] (344 AT+ t % T FA:17 T 44 L2k] %] 1N BCF T 121 Tet 4 ¥k £ |
692°0 9'gt SEV2L L9 2z I 114 (14 §€ 'L IN IN 524 zl E¥9 €6 F4 :12} 26
- - - - - - . - - - IN IN 9'gl 14 1’96 8€1 2 EVrl 16
- - - - - - - - - - IN IN z'8 L £'28 ¥EL g vl 06
592°0 9'ey SEVLL EL ¥ £ or G2 '€ L'z IN IN 9'el ¥l 9'8s £0L [ LVt 68
ZIr0 E44Y] I6t H T [ E48Y] Tt FAFA IN 1IN Tt 13 (Y 0% H el a%
£0'0 eIz €26 0 2z §'0e £L\P e L 1 AN 1} 9t 58 £2t 2 acl 8
- - - - - - - - - - 982 AN e [ FA ¥ €0l g2 e-vEl 98
- - - - - - - - - - se'e IN Z'st €2 01 151 2  2-velL 1]
$21°0 Ve £2\8 EQL I [ 9Ll LIAE 52 6 N IN 61 02 g'l8 LZL 2 L-¥EL +8
- = - - - B H B - = N IN Ter 143 FA:] A3 4 el T8
- - - - - - - - - - IN IN Skl 78 9'06 1€l F4 gzt 28
- - - - - - - - - - IN IN (24} E1S E'EL 901 Z Lt 5]
- - - - - - - - - - IN IN [] 4] EACT] SET T (N3 F4£3
- - - - - - - - - - IN AN 0 0 521 8c1 I atl 87
- - - - - - - - - - AN AN 0 0 202l gt ) Vil o¥
= - - = B - - - - - IR IN T [} TOIT FET T +]1]8 6%
- - - - - - - - - - AN IN 0 0 02t oSt } a0 13
- - - - - - - - - - AN IN 0 0 920t vEl 1 Y&l 13
- - - - - - - - - - N 1N )] [i] 766 1213 T L3
. - - - - - - - - - IN IN 0 i 9'46 it { g6 SE
- - - - - - - - - - IN AN 0 0 004 521t L L] ¥E
- - - - - B B = = - IN I 0 1 ¥E ZeT T pl] (1]
- - - - - - - - - - IN AN 0 0 §'96 £21 b g8 2e
- - - - - - - - - - IN AN 0 0 LxA1 ol (S 1] 1
- B B - B - - = - B IN IN [} [} G ach LELS T 73 0E
- - - - - - - - - - IN IN 0 [ 811 6¥lL 3 s 62
- - - - - - - - - - AN IN 0 0 801 sel ] LA 82
- - - = - - B = - = 1N IN 1 [] b1 DLV ] o1 BN ¥
- - - - - - - - - . AN IN 80 1 226 121 1 g9 92
- - - Lt - - - - - - IN IN 0 0 '96 0Z1 [l Vo 52
- - - - - = = - - - IN 1IN [} [ 8T I3 T B ¥Z
- - - - - - - - - - AN IN 0 0 06 Zht 1 as £2
- - - - - - - - - - IN AN 20 1 §'ZLL Pl A LE 22
::800] T2 TEVZ e T T T2t F£3v7 A LX) 1N TN £ [F13 ZET T oF T2
3 5] v BE\EL $¥i 1 0 vl L2\ ¥e Fa¥s 1N IN 0 e’ $0L 1 ar 0z
- .- - - - - - - - - 1N IN ol 608 FAN3 2 E-¥¥ 08
- - - - - - - - - - IN AN 18 i 1’09 Fi} ] R 6L
20 02 0E\D 2EL £ I £l LZ\E 62 €2 AN AN 80 3 L] 201 \ LYY 61
TN [13 GENP T (313 T z T TVL 3 76 1N 1IN 0 T Te0s B2T 3 % . 4t
FASN] 09 €112 0zl € £ S8l FXAY 84 €L IN AN g0 1 8501 0zl b ge 1
- - - - - - - - - - IN AN LT £Z 8'501 £51 2 £-YE 82
- - . - - . - - - - IN IN &'El 123 FAL ¥ 1t 2 2-¥E ¥
L0 0§ 05\52 66 0 ¥ '€ 8200 L L'y I3 IN IN 0 0 201 2L 3 43 9l
2T 0 (412 34328 528 T 13 THE (4% T2 3] TOE IN Ter 1} TE6 132 4 ¥4 7
SE2'0 0g SE\L 611 ] 2 g'e2 L2\S e'e &8 5L IN (4 ¥l §'82 ¥il 4 j:t4 S¢
- - - - - - - - - - 9e°2 AN 804 12 5'68 0g) 4 e-ve 1 74
- - - - - - - - - - AN IN 2'el [ 2'29 06 z 2-ve €L
£F2°0 982 SEVO0L €01 } 0 £'SE LMN\9 TE 29 rhy IN 92l ¥l 9'9L 11y Z L-¥e 2L
F2'0 i3 5E\6 L T 3 It [33Y3 3 Z6 1S3 1IN LT Zr L) 13 H ] TZ
[3:13] -1 g2\L 051t [ 0 [ LPAE 8'2 Ll 'L AN '8l 2 16 621 F4 gt 0
- - - - - - - - - - 80 IN 291 2z 2’16 ZEL F4 £vl 69
- . . - . - - - - - 610 IN 19l gt " 59 6 Z 2V 89
522°0 el £ELD L2l [ 0 911 EF\S 9'e 1’8 IN AN 9gt 5t €28 6Lt [ -y 29
(ORI 19T GIuqas#y  ([E107 VESSINGAT {ANUCIISUS N IS OAUCIS[I XEEF(asFL  [EIoN\ us LY 0553 L0309 | BULOUqY  [UULHOUAY  [YA[AING  SEAINT |
sasaydojaf Jumileqe  \uwliaqe) sg\paian|ead pibojoihd 1< 1< uslIeqy uRlagqy ohiqug 1ed SUOIIIRIIXT SUOJIARAINT | 1uadlag laquinN jusdled ‘ON MIOL
|BwrioN # % sasnydo|sl ¥ soliqug # syim sediquiy Jequiny »% sesuydo(a] # wISOUW O JequnN auwbBig LT} 3
sisAjeuy speueBoidy seAR [asEnK sishjpuy oppeusBoldn emaimy Uyl wag Anssy X01019W ovAIN] |GSSNY

B-2



- - - - g - - - - - (¥ IN Iy ] Toel (14} [ DIT 1]}
- - - - - - - - - . IN IN [ ] 2'96 E118 5 g€ #8l
- - - - - - - - - - AN AN €2 [] 413 £zZ1 [ Vig 81
- = - = - = : - - B N IN (%3 T TTIT (44} [ o)1 TaF
- - - - - - - - - - IN AN g2 H] £'201 801 g a%e 26l
- - - - - - - - - - N IN L'y § 9'901 901 [ Y9t 18l
- - - - - - - - - - 3 IR 6¢t EL3 ¢l0l a0t [] BE L1
- - - - - - - - - - IN AN '8 L £z0t ELL [ ase 581
- - - - - - - - - - IN AN 16 €L 1'9¢1 £rl [ VSE ¥81
- = - - B = - - - ¥ 1N %] ] TIT 1113 [ OVE LE: L
- - - - - - - - - - AN AN €ot b vl 9gL £ a¢e 611
- - - - - - - - - - AN AN 5'S 9 e'201 201 £ ¥rE 8Ll
- - - - - - - g - - IN 1N 54 TT TF6 X3 T BEE TIT
- - - - - - - - - - IN IN s ] 86 B £ ase 9zl
- - - - - - - - - - AN AN gL 8 596 LiL £ YEE sl
B - . - - - = = = - IN IN ) 5 [ TEor 143 T L3 31
- - - . - - - - - - 20l IN ] ¥ gL 29 4 g2e LT
- - - - - - - - - - IN 1N 65 ¥ L'¥9 29 g YZE . €9t
ZFL0 62 EEiYA SZT 3 [} 813 SEVEL z FA3 1N N ¥ ¥ TEOF (113 [ (13 413
8510 *2 S2\9 CER Z H gl SS\B £'e i IN IN 26l 2t 98 28 [+ ale 191
- - - - - - - - - - IN AN ] ] £'26 L6 £ E-ViE 09l
- - - - . - - - - - IN IN 8 2 ¥ 2 £ 2-¥Ie 851
2P0 [§:I 249 €81 [ ¥ 9'25 8EL02 9'g 5'8 IN AN 8 5 £'e0l ¥01 [ L-¥ie 851
- - - - = - - - - = N IN T L o907 121} 3 o] (74
. - - - - - - - - - IN AN s 2 vl 28 [ qee €Ll
- - - - - - - - - - IN AN ¥ZL oL '8 1e g voe (71!
- = e B - g - - : - (¥4 IN EF z ¥'O8 (1] 3 T6e 5T
- - - - - - - - - - IN AN gl gl 9201 001} [ :[:F-4 951
- - - - - - - - - - IN AN 62 0t Faant 92L £ V62 551
= - - - - g - T = - 1IN IR 57 [ Toot o1 T el ¥&T
- - - - - - - - - . IN AN 41 ol L'eet ¥El € j:1:H £51
- - - - - - - - - - IN AN 'y § 2'801 S0t £ vz 254
g - - - - - G - - - (233 N L z Trar (143 [ 22 ST -
- - - - - - - - - - 144 IN bad § 2'¥01 oLt £ asz £}
- - - - - - - - - - sle IN '8 ] '8 6 £ vz oyt
B - - = i = - - = - IN IN L1 2T T¥0T T T fo):4 BET
- - - - - - - - - - AN AN 1§ 9 Ll LIt [ [:E1 get
- - - - - - - - - - AN AN £'e [ €201 801 £ LEL LEL
- - - - - - - - - B L1353 1IN i [ £801 02T [ (LT ELAS
- - - - - - . - - - 2E'E IN 52 12 oyl 891 > gas2 sel
- - - - - - - - - - [¥y IN ' ] (3} 5zt £ véeS $EL
Z8T0 TES LA t4:18 T T LY 340 T2 33 EOT N 7 [ 52T ITF [ [*1 24 TEl
5210 §'¢e E 1AV 5Ll § 4 9'0% £2\E1 I'E 33 'z IN ¥l s &'69 €L [ are 2E1L
- - - - - - - - - - IN IN L oL 1igt CHS g e-vrZ L£L
- - - - - - - - - - IN IN 4] g 181 221 e V¥z 0%
85170 8'02 P2\5 1 I3 ¥ 0F 0§02 TE 88 1% IN 9 g 9921 gEL [ l-¥+Z  6al
20 LT 34 02 12 [ TES 432 ¢ ¥ Z¢0 iN ] TT L) 33 [ BEe L
£90°0 9% 28V 08z ¥ 2 g'9g 133 Fyt e 1E'0 AN ey g E'EE} ort € gaee FX{s
- - - . - - - - - - 8¥°0 IN g 2 ezt oElL £ £vez 921
- - - . - - - - - - 950 IN 4] [ §'eSt 2Pl €  Bvez s
£80'0 0§ 02\ 4 012 L L g'Le 6119 2 8°E 90 N &9 0t £2ZLL gt £ L-¥E€Z P21
- - g = - B - = - - 240) IN 3 7 —TEET (339 T 3% 24
- - . - - - - - - - 92 IN r ] £'E0} roL [ azz 438
- - . - - - - - - - Z'0 IN €01 L] 9564 961 £ vze 12L
B0 Tte TINE (313 ] 3 L ZG\61 e 53 YA 1N TF 5 L] (]} [ 312 (11
EEL'D g2 ze\e L6t [ ¥ 0 4-39% 4 62 28 19°E AN £'9 ] 02k 9z1 4 aLe 611
- - . - - - - - - - 'l IN [N 9 9zl s¥1 £ E-WiZ 81}
- - - - - - - - - - F1oe IN e zl 448 EvlL g vz L
S0'D 0¥ DILP 02+ ] 0 £'59 6Y\ZE g2 5% ¥e'e IN £'s [ 5281 151 [ L-¥iZ2 9Lt
- - - B B B - B B - [:] 4 1IN ¥ E SFL 5L 3 i 1Y)
- - - - - - - - - - 2Le AN 01 €l 4801 521 [ a0z ¥l
- - - - - - - - - - ' IN '8 Ll g 1Ll SEL 3 voe Ell
010 ¥ 68 ZEVG T (5]} [3 ] Tl FALES TE 8 N 1IN &0 T EETY) [y (3 T6F [3:38
Py N} &L 6Z\G | Srt ¥ 9 69 EAY - 92 5'S IN AN ] [ 6’98 001 £ g6l 0§}t
- - - - - - - - - - 26°¢ AN ol 21 66 02i E  e-¥&l  &vl
- - - - - - - - - - IN IN 3 £l (%143 el €  2VeL  eri
ZE0'0 949 PEVER ¥zl 0l 9 928 65\WE v Z'oL IN IN 9 9 198 66 £ L-¥6L Pl
BelluE L S ey ) vEITOUOTRT [AIEWISUGE ERS[SAUSIS]W CREqas[FL — [BIGTY as LY w0503 L0507 |[MWIOIqY  JSUNOURY  [SAIAING  SEATET |# JOH ¥ OISR S
sIsBydole]  JUmleqE  \JuRaeqE) SEipelenijeas [aBojoike 1< J< uRlleqy uelIegY olxquiz Jod sSUOlIfENX] SUQIIRIIXT | 1uedlegd oN uedleg “oN [e10]
|BWION # LA saspydole) ¥ soliquz # sy soluquig sequuny >% soseydojal ¥ S9scly o Jeqiuny ojueBig L1TTH £

s|sA|wuy sppouaBolin eaaswy jasEny

sizAjpuy aneusBolhy emaim uyorn meg

Awssy xojouopy

SVAIBYq [9SSN

B-3



B-4

- = - B - = - - B - IN IN VI ] L4:11 :[1]8 - gL Iqj
- - - - - - - - - - IN IN &8 ot q'ogl F413% - € jod POEL
S0¥°0 9'8 SE\E 6L ¥ 0 e 6E\E 8'¢ Lk IN IN ¥ 14 5901 66 - £ 9061
Ser'0 62 SE\ oe H 0 Ls LE\E 84 L0k IN IN £ I3 9°L0} ool - L] q064
2HE'D 62 SE\L 68 z 0 [a] SE\E 62 L IN IN 9's 3 Veik 801 - £ 8y 06
o g = - - - - - < g 0T IN 70T 139 TV TOF = Z W o801 |
- - - - - - - - - - (S AN L6 ) [ 3:73 ELl - Z ey PROL
¥8E0 £y SE\T 98 1 0 2 L e 0L 5L} IN e [ a9z oLl - Zid 080l
9SE°0 '8 SE\E 06 3 0 § ov\2 8¢ 1ol F4:2 ) IN £EL 1) 249 86 - Zed Q80!
LB20 il SE\P 801 I 0 £l EB\E 52 20k (1Y AN 60k L 8°69 LOb - Zi8d  ®g0L
- B - - B - B - - - IN IN [i] )] L] 0T - (WL 51
- - - - - - - - - - + AN IN 0 0 oLl 348 - I ey PGl
5> -4} 5e\2 56 1 0 L 15 A §'¢ £L IN 1IN 0 0 13 118 - Lol agl
6E'0 SE\E ze H 0 89 ¥H\E £'€ 6'0} N IN 80 I 904 F{4} - L jod L1
91E'0 SENG 56 2z 0 ot 0E\E S'2 82k 1N IN 0 0 20l L2Z1 - b jey 25|
- B = - - g = = = - N N 70 T EA14]} 3T 3 o373 o8 |
- - - - - - - - - - SE'0 IN 0 0 8oLt geEl I asy 65
- - - - - - - - - - 89°0 IN 0 0 €62l 191 ! LEid 85
- - - - - - - - = B IN IN 0 [ 7200 14} T ove 13
. - . - - - - - - - N IN 0 0 11 :17) 9 ary 95
- - - - - - - - - - IN IN 0 1] (314 31 3 Yy 5§
2L 0 it 344 [£] ] T T0 E 4% T Eii] IN —IN 0 4 TIET 19T T DEP 73
620 62¥ SE\GL 69 3 0 [ BZ\HE SE 6'6 IN IN 0 0 8'201 gzl I BEY €S
- - - - - - - - - - IN IN L o 196 GEL 2 evEr 04
- - - - - - - - - - IN IN €6 L] 6709 98 2 over 90l
1220 L'6h SE\S | 0L 1 3 €22 2Z\9 £ 6 1IN 1N 0 ] €Lk arl 1 L-VEF (4]
TZ20 TACTD AL Ly 1 0 Y3 FAAY] TT 5L €E 0 IN [} 0 601 SET 3 3% 13
862'0 9'82 SEVO | 8 ¥ ! of 02\8 e £'9 €20 IN 0 0 122t 261 I j: B4 05
- - - - - - - - - - 122 IN 5k 22 1'96 6El 2  t-ver G0l
- - . - - - - - - - IN AN g8l 61 Z eol 2 zver ¥ol
9270 0z SE\L g0t 2 0 52 02\S 62 §'L 650 AN 0 0 £ELL Z¥l 1 L-¥2¥ 6%
FAY Y] 13:33 IET 1419 4 1] TIE F1AYA TE A ¥o¢ N ] 4 766 24} T [*153 By
FASN ] 0% gL 051 L 0 802 PE\S £y 56 820 IN 0 0 94l -1 2N I giy Ly
- - - - . - - - - IN IN I'E2 82 9'¢8 [¥48 2 ey 0L
- - - - - - - - - - - IN IN 9l 6l tz8 118 2 ¥y 20k
52170 ov SZ\0 891 0 0 §12 28\ '€ 9701 WL N 0 0 9'E0L [11) 1 -V ¥ 1]
- - - - - - - - - - vO'E IN [] [1] [ 9t 3 Q0% 33
- - - - - - - - - - IN IN o 0 oLt LE1 1 aov ¥y
- - - - - - - - - - IN IN 0 0 801 GEl ] vOo¥ £y
- - - E - B B B - = N N Lit4 T 13 FOT 3 fo]:13 TZT
- - - - - - - . - - Yo'y IN &L L L'6L L6 € g6e 0Lt
- - - - - - - - - - 18°9 IN S04 04 598 56 [ V6E 691
- B B - - B B = B - IN IN 5] ] LX) 06 [ e1:13 8 |
- - - - - - - - - - IN IN 82k [ €8 8L € get 291
- - - - - - - - - - IN IN gl 2 1oL 118 £ vee 991
ORI 150 ESTUQUSRT  ([EY07 LELLULLIL — aS e IR 050T | TEIIouaY [RURURY  [WATAING  SUAIET |
ncnl:no_t.—. juwiisgqe ::-.Zoa.u SEVPRIEN|WAD o_ﬂo_o—ho L= = ueiragqy ueuaqy OEEW dad 2U2O[10RIIX SUO(ISRIIX] wedied oN usaled "ON 810}
JBUMON % “ u-nl_._no_c« # lo..fn_._.._m # Yum uo_?_n..:m Jaquinp % -Dnun_no_u.—. # QQOB_:'_O AqUINN u__._uu._o Wweg
s|sf|Ruy apsusboih]y eeAlT [aSENK siehjruy opteusBoll) avAINT WA weg Aessy xololoj AN |OSEN

*U,5, GOVERNMENT PRINTING OFFICE 1992-0-693-102/63034



